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SUMMARY 
1. Whether raw 01' pasteurized, the source of the milk used 
for propagation had little effect on the time required for coagu-
lation by 8. lac tis cultures or butter cultures. This indicates that 
the milk is unimportant as a cause of slow acid production in 
butter cultures. 
2. Neither organisms occurring in the raw milk supplies nor 
contamination from plant equipment restrained, to any marked 
extent, production of acid by butter cultures under the usual 
conditions of propagation. 
:3. In some cases, acid production of a normal butter culture 
was definitely restrained by addition of another culture, either 
slow or normal, which suggests that the cause of the slow de-
velopment was in the inoculating material. 
4. Comparative numbers of organisms in normal and slow 
butter cultures indicated that the delayed acid production was 
the result of reduced rate of growth. 
5. Pure cultures of S. lactis isolated from slow butter cul-
tures commonly coagulated milk at a normal rate. 
6. In slow butter cultures the distribution of organisms 
among the butter culture species showed no marked irregularity. 
7. 'When bacteria·free filtrates from butter cultures were add-
ed to freshly inoculated S. lnctis cultures or butter cultures, a 
majority of the filtrates from slow butter cultures and a smaller 
percentage of those from apparently normal cultures markedly 
restrained acid production and multiplication of organisms. 
8. When butter cultures to which bacteria-free filtrates had 
been added were plated and colonies picked into litmus milk, the 
rates of coagulation of the S. lactis cultures and the distribution 
of organisms among the butter culture types appeared normal. 
9. Bacteria-free filtrates from either slow or normal butter 
cultures varied widely in their abilities to inhibit growth of dif-
ferent strains of S. lactis. j1'iltrates from slow cultures often 
inhibited growth of a considerable number of strains, whereas 
lhose from normal cultures usually inhibited only a few strains 
01' were entirely inactive. The filtrates obtained at various times 
from a butter culture commonly differed considerably in their 
inhibition characteristics. 
10. Bacteriophage preparations active against members of 
the colon group and bacteria-free filtrates from S. lactis cultures 
and from cultures of citrir arid-fermenting streptococci were 
without effect on acid production of representative strains of 
S. wctis. 
11. 'rhe inhibitory principle in the bacteria-free filtrates 
multiplied on sensitive strains of S. lac tis, presumably causing 
death of many cells. Multiplication of the principle was roughly 
proportional to the number of sensitive organisms present, ex-
cept that with very large numbers of organisms the principle 
appeared to be overgrown. 
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12. Segregation of individual strains of inhibitory principle 
from the mixtures commonly occurring in filtrates from butter 
cultures was possible, either by serial propagation on an S. lac tis 
strain of limited sensitivity or by isolation from plaques. 
13. Under proper conditions, the inhibitory principle caused 
lysis of a suspension of organisms of a sensitive strain. A re-
action of approximately pH 6.8 at 21°C. seemed most favorable 
for lysis, the nature of the medium and titer of the filtrate also 
being factors of importance. 
14. Under suitable conditions, the litmus milk culture and 
plaque methods for demonstration of inhibitory principle agreed 
fairly well, although the former demonstrated inhibitory prin-
ciple in a greater number of border-line cases. 
15. The inhibitory principle active against S. lac tis did not 
affect representative cultures of L. casei, citric acid-fermenting 
streptococci or S. liqnefaciens. 
16. The inhibitory principle was heat labile, the exact time 
and temperature for inactivation varying with the strain. Fif-
teen minutes at 70°C. was required to inactivate the most resist-
ant strain tested. Heat resistance was greatest at approximate-
ly neutral reaction, rather acid conditions especially being con-
ducive to rapid inactivation. 
17. Freezing and holding at low temperatures had no de-
structive effect on the principle. 
18. At approximately neutral reaction, the principle was only 
slightly affected by desiccation. 
19. Inactivation of the principle by use of crystal violet, 
methylene blue, hydrogen peroxide or potassium permanganate 
was accomplished under the proper conditions. 
20. S. lactis cultures sensitive to one or more strains of in-
hibitory principle, and also non-sensitive strain~, were isolated 
from most butter cultures. Only non-sensitive strains were ob-
tained from naturally soured dairy products. 
21. The action of the principle on a sensitive culture often 
resulted in the origin of secondary-growth organisms which were 
not sensitive to the strain of inhibitory principle used but were 
still sensitive to unrelated strains of principle. 
22. Sensitivity to inhibitory principle was apparently unre-
lated to the general characteristics of the S. lactis strains. 
23. Strains of S. lactis not sensitive to the filtrates available 
for testing were successfully combined with citric acid-ferment-
ing streptococci to form good butter cultures. 
24. The inhibitory principle active against S. lactis showed 
the general characteristics of a bacteriophage. 
25. No method was found for elimination of bacteriophage 
from a butter culture. 
Slow Acid Production by Butter 
Cultures! 
F. E. NELSON, L. A. HARRIMAN AND B. W. HAMMER 
Butter cultures sometimes fail to develop acid at a normal rate, 
and such slow growth has probably been encountered wherever 
butter cultures are used. 
One characteristic of certain types of abnormally slow growth 
in butter cultures is the sudden manner in which the defect often 
occurs. A culture may appear satisfactory at the time it is used 
for inoculation and then fail to bring about the desired changes 
in the product being manufactured. Such an occurrence greatly 
interferes with general plant routine. If additional time is al-
lowed for the formation of acid, a defective product may result. 
Sometimes acid development is so slow and the defects in the 
product being manufactured so serious that the finished material 
is unsalable. 
There are various causes of slow acid production by butter 
cultures. Some of these are easily determined by investigation 
of the methods used in propagation or by direct microscopic 
examination of the cultures. In other cases such methods fail 
to disclose the cause or causes of the abnormally slow growth, 
and the rather unusual aspects of such cases have motivated the 
work herein reported. 
HISTORICAL 
GENERAL OBSERVATIONS 
Slow development of butter cultures has been noted by various 
investigators. In 1915, Singleton (37) recommended the fre-
quent replacement of butter cultures since cultures carried in 
plants tended to become slow and to require the use of excessive 
inocula. 
·Whitehead and Cox (43) used the term "non-acid" milk to 
describe milk in which butter cultures grew slowly. They re-
ported a method for determining whether or not a butter culture 
will develop at a normal rate in manufacturing processes; brief-
ly, it con$ists of determining the rate at which the culture will 
develop acid when incubated at 37°C. These workers made the 
following statement: " ... the fact has to be accepted that differ-
ent starter cultures vary in their power to produce acid not only 
as between culture and culture, but also in anyone culture at dif-
ferent periods. These variations are well known to the cheese-
maker. Unfortunately, examination of a ripe starter culture by 
1 Project 117 of the Iowa Agricultural Experiment Station. The studies on slow acid 
production in butter cultures were financed in large part by grants from the Iowa 
State Brand Creamerie3. Inc .. M2.son City. Iowa. . 
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taste, aroma or chemical methods gives no indication of how the 
starter will perform in the cheesevat." 
Whitehead and Cox (46) also deyiscd a method for the selec-
tion of strains of lactic acid streptococci to be used in the making 
of cheese cultures. They pointed out that the organisms employ-
ed should be capable of producing a good clot at 37°C. as well as 
at 21°C., since the curd is heated to 37°C. during the manu-
facturing process. This method of selection proved satisfactory 
in the majority of cases, although some of the cultures chosen 
for their ability to grow at 37°C. would, at times, suddenly be-
come slow when used in the plant, the explosive type of slow 
culture resulting. 
Knudsen and S¢rensen (23) noted that certain of the bacteria 
ordillarily found in Dutter cultures grow very poorly in sterilized 
aseptic milk, with feeble development of lactic acid. 
Some of the factors suggested as causes of inhibition of lactic 
fermentation in the manufacture of cheese were studied by 
Leitch (27 ) , who concluded that slow acid development was not 
uue to contamination with anyone species of bacteria or to any 
property of fresh, raw, normal milk. 
In describing methods for preparing starters, ]\If oil' (31) out-
lined available information concerning the causes of the loss of 
vitality. Causes mentioned include constant overripening. vari-
ations among organisms of the same culture in their ability to 
produce acid, the presence of organisms that restrain acid produc-
tion, the inability of some strains of the bacteria in starter cul-
tures to grow in the presence of bactericidal substances in milk, 
the use of milk from cows with mastitis and the use of milk (from 
individual cows) which has a strong restraining action on the 
starter organisms. 
INFLUENCE OF THE MILK USED 
Baker and Hammer (2) found that milk from different 
animals made butter cultures of varying acidities, while differ-
ent lots of milk from the same animal made cultures of approxi-
mately the same acidity. They also noted that, in general, milk 
having a high total-solids content tended to produce cultures of 
a relatively high aeidity: 
Knudsen and S¢rensen (23) reported that milk containing 
a high percentage of total solids permitted the development of 
a high titrable acidity and suggested that this was due to the 
high concentration of buffer substances in the milk. Moil' (32) 
pointed out that milk with a low solids content might be a 
cause of difficulty in starter management. 
An instance in which milk from a normal cow permitted only 
a definitely subnormal acid production by several strains of 
StreptocOCCtlS cremoris was reported by Knudsen and Sorensen 
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(22). Other strains of the same species produced a normal 
fermentation in the milk. 
Knudsen (21) stated that variations might occur between 
subcultures of the same butter culture grown in different lots 
of milk, these variation'S being especially characteristic of mille 
from individual cows, although pasteurized mille from a number 
of herds might show a difference also. 
Kelly (19) found that a number of butter cultures, which 
were ordinarily satisfactory, were flat and yeasty in flavor when 
propagated in milk from a certified supply pasteurized in flowing 
steam for 1 hour. Another culture was entirely satisfactory 
when propagated in milk of the same supply. 
Cox (4) devised a method for the detection of "non~acid" 
milk. It consisted of adding 3 drops of culture and 1 mI. of 
ordinary methylene blue solution to 20 ml. of pasteurized milk 
and incubating for 2.5 hours at 37'C. If the blue color disap-
peared during incubation the mille was usually satisfactory, 
the method being considered quite sensitive. 
EFFECT OF ABNORMAL MILK 
Slow development of acid in dairy products has been attrihuted 
in certain cases to the use of abnormal milk. Leitch (27) re-
ported instances in which abnormal milk present to the extent 
of only 0.1 percent interfered with acid development in cheese 
cultures. 
Moil' (31) listed abnormal milk, present at the rate of as little 
as 1 pint in the herd milk from 40 cows, as one of the causes of 
loss of vitality in butter cultures. He also stated that milk of 
low acidity, sometimes due to mastitis, should not be used for 
making butter culture. 
·Whitehead and Cox (44) reported that leucocytes present in 
excess of 5 million per ml. prevented the development of normal 
acidities in milk, this effect being eliminated by heat treatment 
at 49' to 50°C. for 30 seconds. . 
GERMICIDAL PROPERTY OF MILK 
Stocking (38), in 1904, reported that the decrease in numbers 
of bacteria in fresh milk during the first few hours is due to a 
dropping out of species which do not find milk a suitable medium 
for growth. 
Sherman and Curran (36) found that fresh milk had a slight 
but definite inhibitory effect on Streptococcus lact-is. Accord-
ing to Rosenau and McCoy (35), the action of fresh raw milk on 
bacteria appears to resemble that of a weak antiseptic rather than 
a true germicide. 'l'hey noted that the decrease in numbers of 
bacteria is due, at least in part, to agglutination. Heinemann 
and Glenn (12), who studied agglutination as a possible explan-
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ation of the germicidal property of milk, found no marked de-
crease in numbers of Streptococcus lactis when cultures were sub-
jected to the influence of milk serum. Chambers (3) stated that 
there is no common relationship between agglutination and bac-
terial inhibition in milk except that the agents of both are de-
stroyed by heat. 
Jones (16) and Jones and Simms (17, ]S ) reported the prep-
aration from milk serum of a substance 200 times more active 
than the original milk in inhibition of mastitis streptococci. 
A number of investigators have indicated that the germicidal 
property of milk is affected by heat. Hunziker (14 ) found 
that it was destroyed by heating milk at 65°C. for 40 minutes. 
R.osenau and McCoy (35) reported that it was destroyed by 
heating milk above SO°C. Chambers (3) noted that it was 
destroyed when milk was heated at SOo to 90°C. for 2 minutes. 
Hammer and Baker (11) found that milk heated at 62.SoC. 
for 30 minutes developed acid and coagulated more slowly when 
inoculated with butter culture than milk heated at higher tem-
peratures. 
Farmer and Hammer (S) observed considerable variation in 
the abilities of butter cultures to withstand the germicidal prop-
erty of milk. They noted that six of the eight cultures studied 
by them were delayed in acid development when grown in raw 
milk or in milk pasteurized at either 62.5° or 6SoC. for 30 min-
utes; pasteurization at 71°C. for 30 minutes was as satisfactory 
in eliminating the germicidal effect as heating at S2°C. for the 
same period. 
Knudsen and Sorensen (23, 24 ) stated that lactic acid bac-
teria grow better in milk the more it has been heated and that 
with lower heating temperatures this may be due to destruction 
of bactericidal substances, but with higher heating temperature,,:; 
the effect is also due to formation of products of decomposition 
which are more easily utilized by the bacteria than constituents 
appearing naturally in the milk. 
CONTAMINATING ORGANISMS 
Extensive studies of butter cultures have been made in at-
tempts to discover the presence of contaminating organisms which 
might have been the cause of slow arid production. Marshall 
(29) presented data indicating that Bacilltl,S st~btiZis increased 
the rate of multiplication of Streptococcus lactis in milk and also 
the rate of acid development. Morgan and Curle (33) found 
that the contamination of active butter cultures with very small 
numbers of Bacillt~s subtiZis had little effect on their aC'tion; 
however, if Bacillus subtiZis once obtained a good start it in-
creased rapidly, though its full effect might not be felt for 4 or 
5 days, when the butter culture appeared to be quite inactive. 
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The organism then decreased in numbers and Streptococcus lactis 
revived. Morgan and Curle reported that in one case of "slow 
cheese" a large number of Bacillus subtilis organisms was found 
in the butter culture used. Cheese made with normal culture was 
salted after 6.5 hours, while cheese made from milk inoculated 
with the culture contaminated with Bacillus sltbtilis was salted 
after 10.5 hours, the same lot of pasteurized milk being used in 
both cases. 
Porcher and Lambert (34) noted that Ba.c:illns wbtilis in-
oculated into milk in considerable numbers a short time before 
the addition of Streptococcus la.ctis favored acid and curd forma-
tion, probably because of protein degradation that facilitated the 
growth of the latter organism. Under these conditions Strepto-
COCCttS lactis gradually overgrew the bacilli. 
According to Leitch (26, 27), slow working curds were not 
usually due to contaminating organisms. Bacillus subtilis and 
Bacterium coli were mentioned specifically as being without 
effect on the rate of coagUlation. 
Knudsen and Sorensen (24) considered that milk in which 
there has been some growth of proteolytic organisms is improved 
ar; a medium for the growth of culture organisms because of the 
increased availability of the nitrogen. 
Cox and. Whitehead (5) studied the effect on acid production 
of four organisms commonly found in contaminated milk. 
Bacizz,us snbtilis appeared to stimulate acid production; Bac-
terium coli varied in its effect; two strains of staphylococci had 
a'slight stimulating effect; while Bacterium faecalis alkal~genes 
had only a slight effect. Whitehead (39) reported that there was 
no appreciable effect on acid production by an active cheese cul-
ture when anyone of a number of members of the colon group 
was inoculated into milk used for cheese. Whitehead and Cox (42) 
noted that colon bacilli, when present to the extent of hundreds 
of millions per ml. of milk, produced substances which inhibited 
formation of acid by lactic streptococci. They stated that such 
a condition would probably not be encountered in a cheese vat 
but that the cumulative effect of such inhibitory substances may 
be one of the causes of loss of vitality from which all butter cul-
tures suffer. 
Whitehead and Riddet (50) reported the presence in a vat 
of "slow milk" of an organism which restrained Streptococcus 
ladis to a marked extent. '1'he organism was a small gram-
positive coccus, clotting milk only after 4 or 5 days at 30°C. It 
was quite active in the reduction of methylene blue and indis · 
tinguishable from the lactic streptococci. Whitehead (41) ob-
served a sample of milk which supported normal lactic fermenta-
tion when raw but which would not coagulate with the same 
culture after pasteurization at 62.7°C. for 30 minutes. From 
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this milk he isolated an organism which differed from Strepto-
coccus Cre11tOl'is only in its ability to prevent milk coagulation 
when it was grown in milk and the milk then pasteurized and 
inoculated with a butter culture. Even when present in large 
numbers it caused no difficulty if the milk remained unpasteur-
ized. Both of these organisms were described in greater detail 
in another publication (4.0). Cox and Whitehead (6) noted that 
these organisms were found rather frequently in normal mIlk 
supplies but usually only in very small numbers. 
The Iowa Agricultural Experiment Station (15) reported 
that the addition of a slow butter culture to pasteurized or 
f.;1.erilized milk at the time of inoculation with a normal culture 
frequently caused considerable delay in coagulation. The cul-
tun~s having this effect apparently contained a restraining agent 
that could bt: carried through a series of transfers and that paE'S-
ed a bacteria-prooE filter. The active agent was destroyed by 
boiling the filtrate containing it. 
EXPLOSIVE TYPE OUTBREAKS 
Difficulty in obtaining satisfactory curd formation in a cheese 
factory with a number of cultures was reported by Whitehead 
and 'Wards (51). The cultures had been carried in the plant 
for varying periods. 'When inoculating material for a new 
20-gallon culture was obtained from a 20-gallon culture inoc-
lliated directly from a mother culture, the resulting culture 
freauently failed . When a 300 ml. normal mother culture was 
used each day for inoculating the large batch of culture, a normal 
rIot nearly always resulted. \Vnitchead and Cox (45) studied an-
other plant outbreak of slow culture. They compared cultures 
prepared in a metal can containing 3 gallons of milk with cultures 
prepared in a glass flask containing 1 gallon. Both coagulaterl 
normally, but the former was inactive when added to milk 
pasteurized for cheesemaking while the 1'1tter was fluite active 
when used in a similar manner. They concluded that aeration 
of the milk, which is influenced by the type of container used 
in preparing it for culture, predisposes the culture to slowness. 
BACTERIOPHAGE ACTIVE AGAINST STREPTOCOCCUS LACTIS 
In 1926, Hadley and Dahney (10) reported what was ap-
parently the first demonstration of a bacteriophage active against 
Sireptocnccus lactis, th8 source of their material being sewage. 
A bacteriophage active against Stl'eptocoCC1tS fecalis was also ob-
taineu. )fcKinley (30) mentioned Streptococcus lactis and 
8tl'CptOCOCC1tS fecali8 as organisms susceptible to bacteriophage 
activity. 
As early as 1933, studies at the Iowa Agricultural Experiment 
Station (15) demonstrated that bacteria-free filtrates from slow 
butter cultures inhibited acid production when added to certain 
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normal uuttpr cultures, but the active prineiple was not identi-
fied. In 1935, 'Whitehead and Cox (47) reported the isolation 
from a slow butter culture of a bacteriophage active against 
Streptococcns c1'e1noris. They considered it the cause of the slow 
acid production sometimes noted. The characteristics of several 
strains of this bacteriophage were given later (48 ) . Aeration 
of susceptible pure cultures was found to permit the bacterio-
phage to manil'est its presence in numerous cases when it could 
not be demonstrated in non-aerated cultures. Repeated purifi-
cation of the cultures did not eliminate this tendency. Different 
samples of milk were found to vary in their tendencies to per-
mit the apparently spontaneous flare-up of bacteriophage. The 
plaques, or cleared areas, formed on smears of sensitive organ-
isms when a filtrate rontaining the bacteriophage was added were 
about 0.5 mm. in diameter. Lysis oE cell suspensions was dem-
onstrated. One <;train of bacteriophage was unable to survive 
50°C. for 30 minutes, whereas another strain was not completely 
destroyed at 70°C. for 30 minutes. Filtrates containing the 
haeteriophage were sometimes active in 10-8 or 10-9 ml. quan, 
tities. 
Whitehead and Hunter (49) found their strains of bacteri-
ophage were very specific in action and were not adaptable in any 
sense. They considered the evidence supported the theory that 
the bacteriophage is a produet of a sensitive cell and not the 
result of contamination or of residual bacteriophage carried on 
the organisms during successive transfers. 
Majer (28) reported that none of his polyvalent A ernbacter 
aM'ogenes bacteriophages would prevent th'1 souring of milk, 
although they were Retive against their homologous org:misms in 
mille Klingmilner (20) could not obtain bacteriophage active 
against StreptococC1.tS ~Jctis from cultures incubated at 37°C. for 
periods ranging from 1 day to 2 weeks or from dung filtrates. 
GENERAL "METHODS 
'1'he original butter cultures and the pure cultures of organ-
isms other than S. lac tis came from thc collections maintained 
by the Dairy Industry Section of the Iowa Agricultural Experi-
ment Station. Most of the S. lac tis cultures were isolated in 
connection with the work re])orted. 
The herd milk was obtained from deliveries to the Iowa State 
College milk plant, and the milk from individual cows was ob-
tained at the college dairy farm. 
Beef infusion agar was made according to the method of the 
A merican Public Health Association (1). Tomato agar was 
made as follows: For each liter, 400 ml. of tomato juice (ob-
tained by filtering canned tomatoes) was neutralized to a pH of 
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7.0. Ten grams of Bacto peptone, 10 g. of Bacto peptonized milk 
and 15 g. of agar were dissolved in 600 mL of water by boiling, 
after which the preparation was made up to the original weight 
and added to the tomato juice. The medium was autoclaved at 
15 pounds pressure for 20 minutes, filtered and then distributed 
in tubes or bottles and again autoclaved. 
Titrations for the determination of acidity were carried out 
on 10 ml. portions with 0.1 N sodium hydroxide, using phenol-
phthalein as an indicator. The pH determinations were made 
electrometrically with a quinhydrone electrode. 
EXPERIlVIEN'l'AL 
P AR'r 1. EFFECT OF MILK USED IN MAKING BUTTER 
CULTURES ON RATE OF ACID PRODUCTION 
The work reported in Part I deals with the effect of the milk 
used, or factors closely associated with it, on the rate of acid 
production in butter cultures and in S. lactis cultures. It is 
divided into effect of milk from various herds and individual 
cows, effect of organisms present in the raw milk and effect of 
contamination from plant equipment. 
SECTION A. EFFECT OF MILK FROM VARIOUS 
HERDS AND INDIVlDUAL COWS 
The effect of milk from various herds and individual cows was 
studied in three series of experiments in which comparisons were 
also made of raw and pasteurized milk. In series 1 coagulation 
rates were observed in milk from each of seven herds in 14 
different trials, and in series 2 in the milk from each of seven 
animals in four different trials, S. lactis cultures being used for 
inoculation in both series. In series 3 the effect of milk from 
each of seven animals was studied in five trials, butter cultures 
being used for inoculation instead of S. lactis cultures. 
In general, the method employed in each trial ronsisted of 
placing uniform portions of the milk to be tested into sterile 
test tubes and pasteurizing a portion of them at 63° or 82°0. 
for 30 minutes. The tubes were then inoculated uniformly with 
an S. lactis culture or a butter culture and incubated at room 
temperature, observations being made at regular intervals for 
coagulation. 
With the samples studied the source of the milk had little 
effect on the time required for coagulation by S. lac tis cultures 
or butter cultures. This was the case with both herd milk and 
milk from individual cows. 'l'he variations between lots of 
either raw or pasteurized milk were so small that the source of 
the milk was considered to be unimportant as a cause of slow acid 
production in butter cultures. Pasteurization at 63°0. for 30 
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minutes did not appreciably affect the time required for coagula-
tion as compared with raw milk, while pasteurization at 82°0. 
for 30 minutes materially decreased it. 
SECTION B. EFFECT OF ORGANISMS PRESENT IN RAW MILK 
The effect of organisms commonly present in raw milk was 
studied by (a) making comparisons of rates of acid production 
by butter cultures inoculated into raw herd milk, one portion of 
which had been held in ice water while another portion had been 
held at room temperature, and (b) determining the influence 
of bacteria isolated from butter cultures made with raw milk on 
acid production by butter cultures. 
In order to determine whether raw milk contained organisms 
which, when allowed to grow for a time, would restrain the de-
velopment of acid by butter cultures, five trials were made on 
samples of milk from each of seven herds. Each sample was 
divided into two portions, and one portion held in ice water 
while the other was held at room temperature. After a 4-hour 
holding period the portions were inoculated uniformly with a 
butter culture and incubated at 30°C., tit rations being made at 
regular intervals. A portion held at room temperature developed 
acid at a slightly faster rate than the corresponding portion 
which had been held in ice water, except in a few instances in 
which acid developed at about the same rate in the two portions. 
Six pairs of the cultures were selected for further study. 
The 12 cultures constituting the six pairs were plated on 
beef infusion agar, and after incubation about 25 colonies were 
picked from each set of plates. Six of the isolations showing 
characters distinctly different from those of butter culture or-
ganisms were selected, and each was added to a freshly in-
oculated butter culture. None of the isolations had any influ-
ence on the rate of acid development by the butter culture to 
w hic11 it was added. 
The results suggest that growth for some hours of the organ-
isms occurring naturally in the samples of raw milk tested did 
not restrain, to any marked extent, the development of acid by 
butter cultures inoculated into the milk. Furthermore, six 
bacterial cultures isolated from butter cultures made with raw 
milk did not have a significant restraining action on butter cul-
tures to which they were added. 
SEc'rION C. EFFECT OF CONTAMINATION FROM PLANT EQUIPMENT 
The effect of contamination of milk from plant equipment on 
acid production when the milk was inoculated with butter culture 
was studied in three experiments in each of which some portions 
of the milk were pasteurized. 
In general, the procedure consisted of dividing each of the 
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samples of milk from various sources in the milk plant into as 
many portions as were required by the number of pasteurization 
treatments and the number of butter cultures to be used. After 
pasteurizing and cooling some of the portions, all of them were 
inoculated uniformly with a butter culture and incubated at 
30°C., titrations being made every 2 hours for 10 hours and also 
after 22 hours. 
In experiment 1 pasteurized skimmilk from a lot which had 
failed to make cottage cheese because of slow acid development 
was used along with whole raw milk from the receiving vat. 
After preparing the portions of milk they were inoculated with 
four different butter cultures and incubated. During incubation 
the milk from the two sources showed some differences in the 
rates of acid development with each of the cultures, but the 
greatest differences appeared to result from variations in the 
butter cultures; the differences were as much as 0.26 percent 
acid in corresponding portions of skimmilk after 10 hours, and 
as much as 0.13 percent in the portions of whole raw milk, prac-
tically the same differences occurring in the raw as in the 
pasteurized mille 
In experiment 2 the following samples were taken from the 
milk processed in a single run: Raw whole milk from the re-
ceiving vat; skimmilk before pasteurization; skimmilk after 
pasteurization; and pasteurized skimmilk after it had been 
transferred to a cheese vat. Certain portions of each sample 
were held without further treatment, while others were given 
various heat treatments. Two butter cultures were used for in-
oculation; culture 15 was a mother culture, while culture C15 
was a large culture of the same strain. Titrations during incu-
bation showed some variations in the rates of acid development 
by a culture in the different samples of milk, whether the milk 
was raw or pasteurized. However, these variations were slight 
as compared with those between the different butter cultures in 
corresponding portions of milk. Culture 15 increased the acidity 
at an apparently normal rate in all portions during each 2-hour 
period. Culture C15 had not increased the acidity to any mark-
ed extent in any of the portions at the end of 6 hours, and in 
three of the portions, two of which had been pasteurized during 
processing in the plant while the third had been pasteurized in 
the laboratory, only slight increases took place during the entire 
10-hour period. At the end of 10 hours the differences in the 
acidities produced by the two cultures were as much as 0.55 per-
cent and never less than 0.15 percent. Both of the cultures 
originally were normal in appearance. Furthermore, microscopic 
examination and plating on beef infusion agar followed by pick-
ing colonies into litmus milk did not reveal organisms foreign 
to butter cultures. 
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TABLE 1. AOID PRODUCTION BY TWO CULTURES IN FOUR LOTS OF MILK. 
EACH GIVEN TWO HEAT TREATMENTS IN THE LABORATORY. 
Incubation temperature 30'C. 
Milk I Butter I Percent acid after I Heat culture 
1 4 hrs. 1 10 hrs·1 Source treatment no. 2 hrs. 6 hrs. 8 hrs. 22 hrs. 
in lab. 
Raw whole. 
63 "6. 20 I 0.19 I 0.28 0.59 0.77 0.78 0.80 30 min. C20 .19 I .22 .26 .33 .44 .79 from receiv- 82"0. 20 .21 I .31 .62 .78 .80 .83 ing vat. 30 min. 020 .18 .24 .31 .40 .52 .81 
Skim. before 63 "0. 20 
.21 I .34 .69 .73 .86 .83 30 min. 020 .18 .22 .26 .30 .35 .63 pasteuriza- 82'0. 20 .21 I .32 .70 .81 .80 .88 tion. 30 min . C20 .18 .23 .28 .32 .41 .83 
Skim. after 63 "0. 20 .19 I .29 .64 .73 .78 .75 30 nlii:t. 020 .18 .2 1 .23 .26 .32 .73 
.,asteuriza- 82"0. 20 .21 I .32 .76 .78 .77 .87 tion 30 min. 020 .18 .23 .28 .37 .52 .75 
63"0. 20 .19 I .30 .51 .67 .77 .74 Skim. from 30 min. 020 .18 .21 .23 .25 .27 .7(} 
cheese vat 82"0. 20 .21 I .33 .71 .81 .82 .88 30 min. 020 .18 .23 .26 .33 .42 .82 
Experiment 3 was carried out with samples collected at the 
same places as in experiment 2. Two pasteurization exposures 
(63° or 82°0. for 30 minutes) were used on portions of the 
samples. The cultures employed for inoculation were a mother 
culture, culture 20, and a large culture, culture 020, both of 
which were normal in appearance. The results are presented in 
table 1. 
'ritrations during incubation gave data similar to those obtain-
ed in experiment 2. The butter cultures showed marked diHer-
ences in the acid production during each 2-hour period for 10 
hours, culture 020 being much slower than culture 20 in all the 
portions. After 10 hours the differences varied from 0.25 to 
0.51 percent acid, while after 22 hours the differences were not 
significant in most cases. 
'The general results indicate that the usual contamination from 
plant equipment is not an important factor in causing variations 
in the growth rate of a butter culture in either raw or pasteurized 
milk. However, striking variations were found in the rates of 
acid production by different cultures in milk from the same 
l:iources. Furthermore, these differences were caused by ex-
ceptionally slow growth in the portions inoculated with the 
.large cultures. It should be emphasized that the cultures em-
ployed appeared entirely normal. 
P ART II. EFFECT OF BUTTER CULTURE USED AS INOCULATING 
MATERIAL ON RATE OF ACID PRODUCTION 
The results obtained in Part I indicate that the cause of slow 
acid production in butter cultures is not some factor present in 
the milk or closely associated with it. Milk from different berds 
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and individual cows, organisms occurring naturally in the milk, 
contamination from plant equipment and various heat treat-
ments did not appear to cause slow acid production in butter 
cultures, although slight variations sometimes occurred. Only 
the use of certain butter cultures as inoculating material pro-
duced variations of significance. Since these variations were 
always due to slow acid production by the cultures in question, 
with the slow growth resembling the defect as it occurs in com-
mercial practice, the studies undertaken in Part II involved the 
cultures used as inoculating material. 
SECTION A. EXAMINATION OF BUTTER cuurURES 
The effect of a slow butter culture on the rate of acid pro-
duction by a normal culture was studied with the following pro-
cedure. A mother culture which had shown a normal coagulation 
rate over an extended period was inoculated into two portions of 
sterile skimmilk ilt the rate of 2.5 percent, and the slow culture 
to be tested was inoculated into one of the portions at t.he same 
rate; thus, the portion containing the slow culture received twice 
as much inoculating material as the portion containing only the 
check culture. The cultures were incubated for 16 hours at room 
temperature and titratcd. Five mother cultures and 15 large 
cultures, each described as either normal or slow on the basis of 
whether or not coagulation had occurred after 16 hours, were 
tested. Table 2 gives the results. 
FouL' of the five mother cultures were slow at the time of 
testing and one was normal. With one of the slow cultures 
0.20 percent less acid was developed by the mixed culture than 
by the check culture, while the other three slow cultures and the 
normal culture had little effect on acid development. Except 
with one of the cultures in combination with one of the five check 
cultures where there was an insignificant increase in acid, the 
nine slow large cultures caused decreases in the acid production 
ranging from 0.14 to 0.52 percent. Three of the six normal large 
cultures caused decreases in the amounts of acid ranging from 
0.25 to 0.36 percent, while the other three caused slight increases. 
Ten of the 13 slow cultures and only three of the seven normal 
ones restrained the growth of the check cultures which suggests 
some correlation between the rates of coagulation of the cultures 
tested and their restraining abili.ty. There might have been a 
closer correlation if a basis other than whether or not coagUlation 
occurred after 16 hours had been used to divide the cultures into 
the normal and slow groups. 
Various mother cultures, large lot cultures and experimental 
cultures, each group including some that were normal and some 
that were slow on the balris of coagulation after 16 hours, were 
examined with the following procedure. Each culture was 
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TABLE 2. ACID PRODUCTION BY CHECK CULTURES ALONE AND BY 
CHECK CULTURES WITH OTHER CULTURES ADDED. 
Cultul"eS grown at "i"oom temperature 
Check butter 
culuue no. 1
St' f b tt I Percent acid after 16 hours I Difference in c:~~~r~ addedr I Check culture percent acid with 
to check no. Check with added the added 
culture (;ulture culture 
122 
122 
122 
Slow mother culture ..::s __ ..,.".. __ ~_~~.,-__ 
103 0.65 0.69 +0.04 
27 .81 .79 -- .02 
29 .81 .77 -- .04 
15 15 .67 .47 -- .20 
Normal mother culture 
--~12~2~--'--~1~4~G--- .74 ----.-76-----+-.-0-2---
Slow large cultures 
___ ~1~22~_~ __ ~~12~2~-~--~.75:_-~1 ___ .24 
15 15+17 .65 1 .25 
____ ~17~-_+--~77=_-_+--~.6~3~--- .25 
15 15+17 .66 1---.-23 
____ ~17~-_+--~:77=_-_+--~.5~9~--- .24 
15 15+17 .73 1 .27 
~ ____ .:c:.51 
-- .40---
-- .38 
-- .43 
-- .35 
.- .46 
-- .41 
____ ~17~-_+--~77.=--_+--~.6~8~--- .27 
15 15+17 .63 I .23 1 
____ ~17~-_+--~7'7=_-_+--~.6:;.;2o__---1 .24 
-- .40 
-- .38 
15 15+17 .63 1---.23---1-------=-:-40---
17 .60 .25 -- .35 
15 15 .73 1 .21 1 -- .52---
17 .69 .20 -- .49 
15 .55 1 .27 1 -- .28 
17 15+103 .40 .26 -- .14 
__ -;..;,10::::3~_-+-_______ ~--.::.50:,:6'-----1 .41 I -- .15 
19-1 .69 1--.72----1--+--.03---
19-01 .72 .57 -- .15 
15 15 .64 I .24 1 -- .40 
20 .49 1 .24 -- .25 
___ --'-14.c.:6~ _ __'_ ______ __'_ __ _'_. 7,-,2~_--,_ ..19 I -- .23 
Normal large cultures 
122 G3 .81 .87 
122 122 .68 .74 
122 G3 .68 .81 
122 122 .81 .45 
15 .71 .35 
17 15+10)3 .71 .37 
___ --'-1~03~-_+------_+--~.7~1~-~-~.46 
15 .63 .23 
17 15+ 103 .60 .29 
103 .59 .30 
t .06 .06 
.13 
-- .36 
-- .36 
-- .34 
-- .25 
-- .35 
-- .31 
-- .29 
titrated and plated on tomato agar, the plates being incubated. 
3 days at 21°C. After counting, 25 colonies from a plate repre-
senting each culture were picked into tubes of litmus milk. The 
tubes .",ere incubated 8 days at room temperature, observations 
being made daily on the changes occurring. On the basis of 
these changes, the tubes were grouped as follows: (a) :B'airly 
rapid reduction and coagulation, suggesting typical S. lac tis, 
(b ) reduction and acid development but no coagulation after 8 
days, presumably indicating S. lac tis val'. tardus, and (c) no re-
duction and very little acid development after 8 days, suggest-
Trial 
no. 
4 
21 
22 
23 
24 
25 
26 
27 
28 
11 
12 
29 
30 
31 
32 
33 
34 
19 
20 
35 
3G 
37 
38 
39 
40 
41 
42 
43 
44 
45 
4C 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
I 
I 
I 
I 
II 
I 
I 
I 
I 
I 
\ 
I 
I 
I 
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TABLE 3. NUMBERS AND TYPES OF ORGANISMS IN SLOW 
AND NORMAL BUTTER CULTURES. 
Butter 
culture 
• \ Action of 25 colonies picked into li tmus milk 
BacterIa Typical S. lactiI \ . I Citric 
Age I Per-
in cent 
hrs . acid 
Number coagulating In var tardu" aeId-per mi. I .. S. lac!>s • 
t dayl2 days 13 daYE I4 day, . - ferm. 
16 
40 
16 
16 
16 
24 
24 
20 
16 
22 
16 
16 
20 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
I 
~ I 
I 
I 
I 
II 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Slow mother cultures 
0.55 1 88,000,000 \ .......... - 1 4 1 20 1-········ \ 
.80 I 81&,OOO,OuO .......... I 1 2·4 ...... ... . 
.55 42,000,000 1 .......... 21 2 .......... 1 2 
.57 I 26,000 000 I ............ \ 25 _ ........ \ .......... I 
.71 I 38.000,000 ........ 24 _...... .. .. .......... I 
.71 440,000,000 .......... 13 .......... .. ........ \ 12 
.62 I 460,000,000 I ........ I 13 .......... .. ....... _. 12 
.34 222.000,000 1 .......... 9 ........ .. I :::. :::·::: .... -'1_===_-'---'1...,6_ 
Normal mother culture 
...... I 95,000.000 I ..... I l4 I ....... .... I ........ 1 
Slow large cultures 
.25 
II 
44,000,000 ... ....... I 25 
I 
. ......... I .. I .54 37.000,000 ............ I 25 ...... .. 
.65 385,000,009 ........ 
. :;-- I :;;}~- .. -. .... .51 103,000,000 .......... .... ..... .44 .......................... •.....•.... ... ..... 
• fill I 190,000,000 ............ .......... 
.50 II 57,000 000 I 
.......... ir I ::::::: . ........ .37 ..................•.........•. ... -- ... .. .... 
Normal large cultures 
.761304,000,000 I ............ I 12 1 
.75 470,000,000 10 ........ 
.84 575 ,000,000 ............ I 20 
Slow experimental cultures 
.56 146,000,000 .......... 
I 
24 ......... ......... I 
.41 26,000,000 -- ........ 24 ... ..... .. ....... 
.56 200,000,000 ........ - 25 ........... ........ 
.33 36 000,000 ............ _ ........ . ........... ..-- .... . 
.49 15,000,000 .......... 12 5 
"'-'--" 
.48 60 ,000 ,000 ... ----. 11 14 ............ 
.SO 55,000,000 .......... ............ 2 ...... . ... 
.30 13,000,000 ........ ............ ... -- ... I -- .. .... I 
.32 28,000 .000 ......... _. _ .... --.... ......... I .. .. .... I 
.56 55,000,000 .. ...... 
---- .. -- I .. -- ..... I 
Normal experimental cultures 
.8& 
I 
178,000 000 
I 
.... ............ 20 
I 
............ I .83 765,000,000 .. .. ... .... _ .... 21 . ....... 
.89 590,000.000 ... 21 . ........... .......... I . 86 805,000,000 ........ 25 .......... .77 135,000,000 .. ..... 18 G 
I 
. ........... 
.73 101,000,000 I ............ 23 
.81 280,000 ,000 , .......... 10 13 1 
.78 213,000,000 .......... 18 2 ........ 
. 70 501 ,000 000 
I 
...... _- 18 1 .......... 
.67 31,000,000 .......... 6 2 
I 
. ......... -
.71 77,000 ,0 00 .......... 4 
I 
21 ........ 
.72 348,000,000 7 6 .......... -
. 70 305,000,000 8 13 3 ............ I 
.................... 
•• • • •••• ••• ·M .... 
....................• 
..... -...... . ....... -
23 
. ............... -
.................. 
12 
8 
5 
. ............ -- ... 
_ ........... ....... 
............... .... -
. ........ _ ....... -
_ ... 
. ................ 
.. --.-- . .......... 
..... ....... 
..... .. ... ........ 
.. ................. 
..................... 
... ' ................ 
.......... . .... -
. .......... ........ 
. ......... .. ...... -
-.................. -
_ ....... .... ..... 
...... M·· .............. 
. ......... _ ........ 
_ ................ 
_._ ................ -
. ................... 
...... .... _ ..... ... 
..... .. .......... 
, 
I 
11 
.--. 
. ... 
..... -
24 
. ..... 
.... 
2 
2 
1 
1 
-.. -
.. .... 
25 
7 
...... 
21 
25 
25 
25 
.--. 
4 
4 
---.. 
1 
2 
1 
5 
4 
17 
-.-
12 
1 
ing citric acid-fermenting streptococci. Considerable numbers 
of the cultures in group (c) were examined microscopically, and 
in practically all cases organisms of the expected morphology 
were present. The volatile acidities produced when some of thc 
cultures were inoculated into portions of sterile skimmilk were 
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regularly large enough to indicate that the cultures were citric 
acid fermenters. The data obtained are shown in table 3. 
Nine mother cultures (eight slow and one normal) , 11 
large cultures (eight slow and three normal) , and 23 
experimental cultures (10 slow and 13 normal ) were examined. 
Commonly the acidities of the slow cultures were lower 
than those of the normal cultures. The plate counts of 
the slow cultures were frequently lower than the counts of the 
normal cultures, although in some instances normal cultures had 
relatively low counts; this general relationship suggests that 
slow cultures are due to comparatively small numbers of organ-
isms rather than to diminished acid production per cell. There 
appeared to be a normal distribution of the organisms present 
among the butter culture types; in some instances the colonies 
picked were largely or entirely citric acid-fermenting organiRms, 
but this occasionally occurs with normal cultures when only a 
relatively small number of colonies is studied. There was some 
variation in the time required for coagulation by the typical 
S. lactis cultures, but this is not significant when the probable 
variations in the numbers of cells obtained in picking colonies 
from a plate is considered. It should be emphasized that no 
contaminating colonies, with the exception of an occasional mold 
colony, appeared on the plates, and that microscopic examination 
of slow cultures revealed no contamination or abnormality in 
cell morphology. 
'rhe dat.a reported show that in some cases the growth of a 
normal butter culture could be very definitely restrained by the 
addition of another culture, either slow or normal. This indi-
cates that the cause of slow growth in butter cultures is prob-
ably in the inoculating material. The comparative numbers of 
butter culture organisms found in normal and slow cultures sug-
gests that r educed rate of growth is the cause of delayed acid 
development. Litmus milk tubes inoculated with colonies pick-
ed from plates poured with slow cultures showed no great ir-
regularity in distribution of normal butter culture organisms. 
No contaminating organisms were found. 
SECTION B. EXAMINATION OF BACTERIA-FREE 
FILTRATES FROM BUTTER CULTURES 
Since certain slow and normal butter cultures restrained the 
growth of other cultures when added to them at the time of in-
oculation without contamination being detected in the restraining 
cultures by ordinary methods, examinations were made of 
bacteria-free filtrates from the restraining cultures. The cul-
tures were filtered through coarse filter paper, and the filtrates 
thus obtained were put through grade N Berkefeld filters. All 
the equipment coming in contact with the filtrates was sterilized. 
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TABLE 4. EFFECT OF BAC"fERIA-FREE FILTRATES FROM SLOW AND NOR-
MAL BUTTER CULTURES ON ACID PRODUCTION BY TEST CULTURES. 
Cultures grown at room temperature 
No. of butter Test 
Percent acid after 16 hrs. I Difference in 
culture yield- culture Test Cllt - percent acid with Test the filtrate ing fi1tl'at~ no. culture ture plus added f iltrate 
Slow mother cultures 
18 15 0.63 0.56 -0.07 
37 37 .39 .41 + .02 
15 17 .68 .25 - .43 
3 *S.1.1 .78 .23 - .55 
229 S.l.1 .78 .21 - .57 
24 S.l.1 .78 .37 - .41 
15 15 .79 .77 - .02 
17 17 .80 .74 - .06 
229 S.l.1 .77 .22 - .55 
22a S.1.1 .77 .23 - .54 
17 1.'5 .89 .77 .12 
2('3 15 .89 .64 .25 
15 15 .93 .56 - .37 
Normal mother cultures 
19-01 19-01 .53 .52 
I 
-
.0 1 
19-1 
15 
17 
15 
15 
122 
15 
15 
15 
15 
15 
15 
15 
15 
15 
19-1 
15 
17 
15 
15 
122 
15 
15 
17 
15 
17 
15 
17 
15 
17 
15 
17 
15 
17 
17 
103 
15 
17 
15 
15 
15 
15 
15 
15 
.60 
.63 
.62 
.73 
.93 
Slow large cultures 
.68 
.74 
.73 
.70 
.65 
.62 
.73 
.74 
.77 
.68 
.77 
.78 
.68 
.67 
.80 
78 
.61 
.67 
.67 
.43 
.59 
.29 
.23 
.23 
.23 
.23 
.22 
.50 
.51 
.34 
.29 
.19 
.20 
.21 
.20 
1 
t .01 .04 + .05 
- .30 
- .34 
.39 
.51 
.45 
.36 
.50 
.48 
.15 
.11 
.39 
.45 
.58 
- .48 
- .56 
- .58 
:~~ I = :~~ 
·~r----I~~~ 
.73 
.73 
.81 
.73 
.81 
.84 
II---~n--,I ~ ~H 
.25 - .56 
.35 - .49 
Normal large cultures 
122 122 .72 .34 I - .38 
122 122 .53 .58 + .05 
19-01 19-01 .61 : __ ---'-'.3;0:3___ - .28 
15+17 I 15 I .67 .41 I - .26---
1'{ .71 .37 - .34 
15+103 1---15---1---.77--- 1---.23--1~54---
__ --:-;::-;-=:; __ ;-__ 1--:0-;;3__.77 .50 1----=--.:.27 __ 
15+103 I 1~; I---:~-~--i---:~~--I - :~g 
146 15 .0 1 .36 - .45 
237 
TABLE 4. CONTINUED. 
Slow experimental cultures 
15 15 .78 I .26 - .1>2 15 15 .78 .29 - .49 15 15 .r;s .35 - .43 
15 15 .78 I .23 - .1>5 
15 15 .81 .49 - .32 
15 15 .81 .48 - .33 
232 15 .89 .51 
I 
- .38 
15 15 .89 .42 - .47 
15 15 .68 .34 - .34 
15 15 .68 .38 - .30 
15 15 .88 .95 I t .07 146 15 .86 I .88 .02 
Normal experimental cultures 
15 15 .73 I .30 - .43 
146 15 .73 I .30 - .43 
116 146 .77 I .77 .00 146 146 .77 .78 + .01 
15 15 .78 I .59 - .19 15 15 .78 .26 - .52 
15 15 .78 I .50 - .28 
15 15 .81 .45 - .36 
15 15 .81 .43 - .38 
15 15 .89 .89 .00 
15 15 .89 .56 - .33 
232 15 .89 .93 + .04 
15 15 .89 .68 - .21 
15 15 .68 .53 - .15 
15 15 .88 .94 + .06 
146 15 .88 .89 + .01 
':'S. 1. denotes S. lacli.'. Other test cultures were butter cultures. 
Tests for sterility were made on a large number of the filtrates 
by inoculation into tubes of litmus milk and by streaking on 
plates of beef infusion agar and tomato agar, with incubation at 
l'oom temperature or 37°C. Except with one filtrate which was 
evidently cOlltaminated, the plates showed no growth other than 
an occasional mold colony, and microscopic examination failed 
to show any bacterial cells. 
The effect of each filtrate on the growth of a butter culture 
was studied by adding it at the rate of 2.5 percent to one of two 
portions of sterile skimmilk, each of which had been freshly in-
oculated with a butter culture at the same rate. Both portions 
were incubated at room temperature for 16 hours and then 
titrated. 
The bacteria-free filtrates were investigated in several series 
of trials, two of which are reported. 
Se1'ies 1. Series 1 includes studies on the effect of various 
bacteria-free filtrates on acid production by apparently normal 
butter cultures and an S. lactis culture. The filtrates were ob-
tained from mother cultures, large cultures and experimental 
cultures, each group including both slow and normal cultures. 
Results showing the effects of the filtrates on acid production by 
the test cultures, which included mother cultures and large cul-
tures, are presented in table 4. 
Nine of the 13 filtrates from slow mother cultures caus-
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cd decreases of 0.12 to 0.57 in the percentages of acid formed by 
the test cultures, while four had comparatively little effect. Two 
of the six filtrates from normal mother cultures caused decreases 
of 0.30 and 0.34 in the percentages of acid produced, and lour 
had no significant influence. The 16 filtrates from slow large 
cultures causcd decreases ranging from 0.11 to 0.59 in the 
percentages of acid formed in 24 trials. Six of the seven filtrates 
from normal large cultures caused decreases of 0.26 to 0.54 in 
the percentages of acid produced in nine trials and the remaining 
filtrate had no definite effect. Ten of the 12 filtrates from 
slow experimental cultures caused decreases of 0.30 to 0.55 in 
the percentages of acid produced, while the remaining two gave 
insignificant increases. Of the 16 filtrates from normal experi-
mental cultures, 10 caused decreases of 0.15 to 0.52 in the per-
centages of acid formed, while the effects of the other six were 
insignifican t. 
The filtrates tested either brought about comparatively large 
decrease~ in the percentages of acid formed by test cultures or 
had no definite effect; they never caused significa];lt increases. 
The fact that filtrates from 35 of the 41 slow cultures tested 
(85 percent) and from 18 of the 29 normal cultures (62 perC'cnt) 
caused rather marked decreases in acid production b~r test ('uJ-
tures indicates some correlation between rate of growth of a cul-
ture and restraining ability of the filtrate obtained from it. }i'ur-
thermore, since 11 of the 19 filtrates from mother cultures (57 
percent) and 22 of the 23 filtrates from large cultures (96 per-
cent) caused rather marked decreases in acid development by 
test cultures, it appears that large cultures are more likely to 
yield restraining filtrates than mother cultures. The experimental 
cultures should not be considered in this comparison sincc many 
of them were made by a combination of the methods used in 
making large cultures and mother cultures. 
Se1-1;es 2. The studies in Series 2 involved observations on the 
effects of filtrates on (a) the acidity and bacterial content of 
butter cultures and 8. lac tis cultures, (b) the coagulation rates 
of tubes of litmus milk inoculated with colonies picked from 
plates pomed with butter cultures and S. lac tis cultures to 
which filtrates had been added at the time of inoculation and (c) 
the distribution between S. lac tis and the citric acid-fermenting 
streptococci of the organisms in butter cultures. 
A buttm' culture or S. lactis culture was inoculated into the 
required number of portions of sterile skimmilk at the rate of 
2.5 percent, and then one of the filtrates was added to each 
freshly inoculated portion at the same rate, with the exception 
0.1' one portion held without filtrate to serve as a check. After 
incubation at room temperature for 16 hours, the portions were 
titrated and then plated on tomato agar. After incubating the 
TABLE O. PERCENT ACID PRODUCED AND NUMBERS AND TYPES OF ORGANISMS IN BUTTER CULTURES AND IN 
S. LACTIS CULTURES TO WHICH BACTERIA-FRom FILTRATES HAD BEEN ADDED. 
--- -
Test culture 
Percent Action of 25 colonies picked into litmus milk and filtrate 
acid Bacteria Typical S. ;actis I S. lac! is I Citric Test Source of filtrate per ml . I Filtrate pro- Number eoagulating in val~ acid culture no. duced ferm . 
no. 1 day I 2 days I 3 days I -1 days tar "s 
Culture:ii grown at room temperature 
None 0.79 425,000.000 22 I I 3 54 Slow experimental culture .29 27,000,000 I .. 25 
15 92 Slow experimental culture .28 39 ,000,000 I I 25 12.[ Slow large culture .77 430,000 .000 19 2 
None .78 480,000.000 18 I .. i 124 Slow large culture .23 6,300 000 24 
15 125 Slow large culture .37 13.200.000 8 I I 17 131 Slow large culture .52 6,900,000 21 I 2 
None .67 530,000.000 15 7 I 2 I .. 1 19-01 133 Slow large culture .23 253.000 9 3 5 8 
134 Slow large culture .33 252.000 14 7 I 3 I 1 
None .76 560,000.000 16 6 I I 
54 Slow experimental culture .30 26,000.000 I I 25 19-01 58 Slow experimental culture .73 149.000.000 24 I 
91 Slow experimental culture .41 30.000,000 25 I 
1 92 Slow experimental culture .28 42 000,000 23 I 2 
None .37 219,00Q.000 20 3 I I 2 S. I. " 15 125 Slow large en I ture .22 .0,000 19 6 I 
None .74 870.000,000 17 7 
_I ......... S. I. G. 125 Slow large culture .52 61.000.000 14 10 
None .• 8 1.775.000,000 21 
S. I. PI 1~5 Slow large culture .41 1.370,000.000 25 
None .71 67Q 000.0(,0 25 
S. I. P2 136 Slow large culture .27 455.000 25 
None .37 2~9,000,000 17 8 
S. I. 15 135 Slow large culture .21 237,000 18 7 
136 Slow large culture .24 120,000 15 10 
137 Slow large culture .25 83.000 21 4 
~'S. I. denotes S.lacti.J. Other test cultures were butter cultures. 
t-:l 
~ 
c.o 
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plates for 3 days at 21°C., the colonies were counted and 25 pick-
ed from each set into tube':l of lit.mus mille The tubes were in-
cubated 8 days at room temperature and observations made 
·daily on the changes occurring in them. Table 5 presents the 
results. 
In all but 2 of the 19 cultures containing filtrates 
there were marked decreases in the percentages of acid as com-
l)ared with the checks, and in all but one of the cultures showing 
decreases in the acidity produced there were also much lower 
plate counts than on the checks. ,Vith the above exceptions, the 
acidities of the butter cultures containing filtrates ranged from 
0.23 to 0.52 percent as compared with 0.67 to 0.79 percent in the 
cheeks, while the plate counts "aried from approximately 250,000 
to 42 million as compared with 425 million to 560 million in the 
cheeks. The acidities of the S. lactis cultures varied from 0.21 to 
0.52 percent in the portions containing filtrates as compared 
'with 0.37 to 0.74 percent in the checks, while the counts ranl1:ed 
from 50.000 to 61 million as compared with 219 million to 1,775 
million in the checks. The butter cultures showed essentially 
the same distribution of organi<;ms among the butter culture 
types as those for which data are given in table 3. The results 
indicate t.hat the filtrates delayed the increase of organisms and 
caused slow acid production by this means rather than by influ-
encing the ahility of individual cells to produce acid. 
In general, the data presented show that the addition of 
hacteria-free filtrates obtained from certain, slow and normal 
butter cultures to freshly inoculated portionc of a butter culture, 
or S. lactis culture, often definitely restraim,d multiplication 0".. 
ba(~eria and production of acid. 'When plates were poured with 
cultures containing filtrate and colonies picked into litmus milk, 
the coagulation rates of the S. lactis organisms appeared to be 
normal and, in the case of the butter cultures, there seemed to 
be a 110rmal distribution of the organisms among the butter cul-
ture types. 
-p ART IH.' STUDIES OF THE ULTRAFILTERABLE PRINCIPLE 
(;AUSI~G DECREASED ACID PRODUCTION BY BUTTER CULTURES 
Having ascertained that an ultrafilterable principle from hut-
tel' cultures often could cause a very marked decrease in the 
<Iet.ivity of a culture, experiments to determine the nature of the 
principle were undertaken. These included studies on (a) the 
distribution of the principle, (b) the nature of its effect on 
strains of organisms occurring in butter cultures and (c) the 
effect of physical and chemical factors on its activity. The use 
: The '\lork repoited in Part III was done some time after that rep0rteu in Parts I 
and II so that the S. lactij cultures and filtrates were different from those used 
originally. 
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of pure strains of S. lac tis, rather than of the mixtu]"C's of organ-
isms which constitute butter cultures, seemed advisable in order 
to eliminate as many uncontrollable factors as possible. 
SECTION A. INHIBITION ABILITIES OF FILTRA'l'ES FROl\[ VARIOUS 
SOURCES TOWARD STRAINS OF S. LACTIS 
INHIBITION ABILl'rIES OF FILTRA'I.'ES FROM BUTTER CUL'fUKES 
Bacteria-free filtrates obtained from a variety of normal and 
slow butter cultures were tested for the presence of inhibitory 
principle by adding 0.1 ml. portions to 8 ml. quantities of litmus 
milk and then inoculating' with 1 drop of litmus milk culture of 
various test strains of S. lactis, controls without filtra~c also 
being prepared. If a culture to which filtrate had becll added 
required an appreciably longer period to reduce and develop 
aeid than the culture without filtrate, the filtrate was considered 
inhibitory for that S. lac tis strain. The strains of S. lac tis were 
not the same in all eases since they were selected to include the 
greatest possible range of sensitivity to various strains of in-
hibitory principle. Constant additions to the culture collection 
were made, and the new cultures replaced many of those which 
had been used for earlier determinations. The data are present-
ed in table 6, the filtrates being grouped according to the butter 
culture from which they came; filtrates from a single strain of 
culture were separated into those obtained when the culture was 
slow and those obtained when the culture was normal. 
Filtrates from slow transfers of butter culture 232, while 
showing some group relationships, were quite diverse in their 
behavior toward the test organisms. The one common inhibition 
characteristic of the six filtrates was the ability to retard growth 
of S. bctis 97. Two groups can be distinguished, those which in-
hibited only S. lactis 97 and a few very similar organisms and 
those which inhibited a number of organisms. The three f iltrates 
in the second group differed somewhat since there was a certain 
variation in the strains of S. lactis inhibited. :b~iltrates from 
normally coagulating transfers of butter culture 232 were divis-
ible into two groups. Three filtrates whi.ch did not inhibit any 
of the organisms used for testing were included in the first 
group. Filtrate 50 of this group was obtained at about the time 
filtrate 54 was obtained from a slow transfer of the same butter 
culture, but although a number of organisms were sensitive to 
filt.rate 54, none was affected by filtrate 50. The second group 
obtained from normal transfers of butter culture 232 was repre-
sented by filtrate 359 which inhibited organisms 97 and 327, 
thus showing its relationship to other inhibitory filtrates from 
the same strain of butter culture. 
'fABLE 6. INHIBITION CHARACTERISTICS OF FILTRATES FROM SLOW AND NORMAL BUTI'ER CULTURES. 
Filtrate 
no. 
Butter cul ture 
"upplying filtrate 
Date of 
preparation No. Action 
S . lactis cultures 
inhibited 
s. lactis cultures 
not inhibited 
10-19-34 232 S* 97, 113, 147 42, 47, 72, 75. 83. 88. 99. 111. 161. 185 
10-19-34 232 S 97 47-;68-;72-;-75;-83. 88. 110. 111 
3 10-23-34 232 S 42. 47. 97. 99. 111. lt3. 147. 180. 185 72.75.88. 161. 163.176. 18"'3:C=-'------
10 10-25-34 232 S 37. 42. 47. 83;-88;-97, 99-;-111 25.27.68.72.75.110. 113 
54 1-26-35 232 S 42:47.- 83.- n7. - 99 :-111~- 176.- 180. 185 27. 72. 75-;-88:-113:-147.- 161. 163. 183. 
159 9-26-35 232 S 97 42. 47. 75. 83. 88-:-99-:-11l:-113-:-147-:-180~ 
50 1-25-35 232 N '. 42. 47. 72. 88. 97. 99. 111. 11S 
97 3-14-35 232 N 42. 75. 97. 111. 113. 161. 163. 176. 185 
104 3-15-~5 232 1 N 42. 75. 97. 111. 113. 161.163. 176. 185 
359 2-19-36 23Z-I--N--- 97. 327 22C. 83. 99. 122FE. 146C. 147. 151C. 1530. 
I 185. 232T. ~33F. 386. FW. R. R_W_' _ _ 
41 1-16-35 15/3 1 S 22C. 42. 47.83. 97.99. 111. 113. 122FE. I 72.88. 151C;-161:163;-i83:-R-:-RW 
1 147, 1530. 180. 185. 386 
55 1-26-35 15/3 1 S 22C. 97. 99. 111, 15{C=-.-=-1::":5'-,370.---C-17=-6'--,---:1-4""2'--.-4"'7-. -=-72=-.-8::-:8'--.-::1713=-.-:1:-:6:::-1-. -=-16::-:3:--------
I 232T. 233F. FLJ I----:=-::--=-=----=-=-::--:-::-:::--c=-===--------
61 2-13-35 1E/3 1 S 22C. 42. 47. 83. 88. 97. 99 . 111. 113, I 72.75. 163. 183. R. RW 
1 147. 1530. 180. 185. 23.~2:_;:Tc!,.~2';_3c:3F~,~F=:.Lc:J__+I____::_=_-,:-,:-=-::--::-::-::-;:-:-;:=_=-:;-=-_==-----
-----:1:-:9-:-1--:---;-U=-n--:k-n-ow-n-'----:1-=,,--;-/3::----'\C----,S;;----7--2::-:2COCo-.'-:8:-:3:":. -"99. 122FE. 1460. 147. 1510. 1 97. 1530. 183. 232T. FLJ. R. RW 
__ -= __ ---:-____:~185. 233F, 386 1 
48 I 1-25-35 ~ N 220. 42. 83-;-99. 147. 185. 233F. 386 1 75.97, 122FE. 1460. 1510. 1530. 183, 232T. 
__ -;;-;;-_1 1 327, FLJ. R. RW 
96 I 3-14-35 15/3 N I 42. 75. 97. 111. 113=-,-:1:-:6-=-1.-=-16::-:3:-. -=-1=C76=-.--=1:-:8-::-5--
--98 1 3-14-35 15/3 N 97. 113. 1460. 327, FLJ 1 22C. 83, 99. 122FE. 147. 151C-:1530.1:83;--
_----::-:.-;:: __ 1 1 185. 232T. 233F. 386. R. RW 
108 1 3-16-35 1 15/3 N 97. 113 1 42. 75. 111. 163. 176. 186 
368 1 2-21-36 \ 15/3 N 1460, 233F. 386 1 220, 83. 97. 99-;!22FE·=-. -:-1-::47=-.-=-15:-:1'-;0"".-:1:-:5""3-;:"0.-
I I 183. 185. 232T. 327. FW, R. RW 
21 1 11-13-34 1 103 S 97. 113, 180. 233F 1 42.75.83. 111. 147. 1530-;-161-;-T6:!:176.""i85 
--345--1-2-14:36-1-103 S 1460-:-m;-i86 1 220.97.99. 147. 183:-FLJ 
l\:) 
..,. 
l\:) 
TABLE 6. CONTINUED. 
Filtrate Date of supplying filtrate I I Butter cultures S . lacti.~ cultures inhibited S. lac tis cultures not inhibited no. preparation No.! Action 
--37-3--1~2WS-I-103 1 N----'-.-----------------+--""'2:-:2C";C:-.-:8:-::3,.... -:9=7-. -:979.--=-1::cZ2'"'F"'EO=-.""'1:-4:-:6=C,.... -=1--::4=-7.--=-15=:1'"'C:-.-
I I 1530. 183. 185. 232T. 233F. 386. FW. 
_--,~_I 1 I R~.~R~W~~~~=-~~~~~~ 
52 1 1-25-35 115/1-1 8 ,\2. 88. 99. 122FE. 1530, 232T. 233F. 22C. 47. 72. 75. 83. 97.99. 146C. 151C. 185. 
I 1 1 386 ---:",F::..' L===-J--=-:---o-=--=-=-=---=-=-=--:-::::-:-=---:=:_ --51--1~24-=-3·5- 1 -1571-1--N--- 42,47,99 72 . 75.83. 88. 97. 111. 113.147.161.185 
--315-1-- 2-6-36 i 122F-I--8--- 22C, 97. 122FE. 146C. 151C. 1530, 83. 99. 147. 183. 185. FL.T. R. RW---
I 1 1 232T. 233F. 327. 386 
--3:-6"'g--I-:i-=-i9-361-122F- 1 N 386 22C. 97. 99. 1460. 147. 183. 327. FLJ 
69-1-2-19:35-1 - 146-1 S 22C;-83.-97;-99-;-122FE;-146C~151C;--
I 1 I 1530. 185. 232T. 233F. R. RW 
---;O-36::-::9:---1 2-21-36 I 146 1 N 97 220. 83. 99. 122FE-;-146C. 147''':'.'-=1:-::5710'''.---
I 1 1 1530. 185. 232T. 233F. 327. R. RW 
-2~1 11-26-30 1 M 1 8 97. 327 220.83. 99. 122FE;-1460;-147-;J.51c;-i530 
1 1 1 1 185. 232T. 2~3F. R. RW~c-:--::--:-==-_ 
388 I 2-26-36 I-M-I--N- -- I---ZZC~97-;-99-;-122J"E;-1460. 147. 1510. 
I 1 I I 1530. 185. 232T. 233F. 327. R. RW 
--53-1-1-=25:35-1-26-1--8- -- 42, 47. 146C. 233F. 386 1-220. 83-;-97-:-99;-122FE:!47-;-151C-;-1530. 183. 
I 1 185. 232T. 327. FW. R. RW 
--4-9-1 1-25-35 26 1 N 12<!FE. 233F, 386 1 220.47. 7iCS3-;-97-;-99;14C1510. 1530-.-
I 1 183. 185. 232T. 327. FLJ. R. RW 
246 1 11-23-35 1.22 1 8 83. 122FE;-151O.-lIj30;-185-;- 232T. 233F-. -
I 1 327. FLJ. R. RW 
--::-26::-:6--1 12-17-35 FL 1 S 146C 220;-8-3.- 97;- 99~ 122FE, 147. 1510, 153U. 
I 1 183. 185. 232T. 233F. 32'1. R. RW 
--27S-1~-6- --A-I S 97, 99. 146C, 183. 233F. 327. 386 220.- 83;-122FE.- f47;-151O.- 1530;-i85:232T 
1 1 FW. R. RW 
uU ~-"o-35 OR N 97 42. 75. 111. 161. 163. 180. 18'5 
" 'ID 1-6-36 I--C-' S 22C. 97. 99. 1460. 147. 161. 183. 327. 
---c-"...,....=--+-==----ol 386. FW 
274 1-6-36 B N 97. 146C. 183. 327 22C. 99. 122FE-:-147;-151C;-15=::3C:-0-. '0'18=-=5:-.--
232T. 233F. 386. FLJ. R. RW 
l\:) 
tt 
Filtrate 
no. 
367 
I I Uutter cultures supplying filtrate Date of 
preparation No. Action 
TABLE 6. CONTINUED. 
S. lactis cultures 
inhibited 
S. lacti.~ cultures 
not inhibited 
2-21-36 I 16 I N 22C. 83. 97. 99. 122FE. 146C. 147. 151C. 
I 1530. 183. 185. 232T. 233F. 327. 386. 
--=:c:::-- _--=-=--cc-=-_I I I FW. R. RW 
370 2-21-36 I 19/1 I N I""22C-:-8S-: 97~99. 122FE. 146C. 147. 151C. I I 1 G30. 183. 185. 232'1'. 23:lF. 327. 386. FW. 
-1--;;--;;-;-;=-_, I I R. RW 
2-21-36 I C4 I N 327 I 22C.-83;- 97,""99. 122FE. 146C. 147. 151C. 
1 I 1530. 183. 185, 232T. 233F, 386, FLJ. I R. RW 
'----;:'2-""2::""1---;3"'6-1 GIN 386 I ""22 C~8 3-". "'9"""7 .---'-99"",-CC12"'2-=FO=E"". ""'lcc4""6"'C-, ""1-:-4 7=-,-:C15:-:I""C=--. -
I I 1530. 183, 185. 232T. 233F. 327. FLJ. 
I I I R. RW 
371 
372 
374 ~1:as 1--- Fs-I--:N 97 1~8S:-9~-:122FE. 146C~f4C15IC,--
I I 1530. 183. 185, 232T, 233F. 327. 386. 
_--:::=-__ --=-:-:-::-::-_1 I I FLJ. R. RW 
375 2-21-36 I H s I N I """22C~83-:-97 ~ 99. 122F'E. 146C. 147. 151C. I I , 1630. 18,3. 185. 232T. 233F. 327. 386, I I l:<'LJ. R. RW 
384 ---=-2-=2'76-"""'3'76- I"""LCCO"'L=---1 N I 22C. 83. 97. 99. 122FE. 146C. 147, 151C, I I 1530 . 183. 185. 232T, 233F, 327. 386. 
I FW. R, RW 
385 2-26-36 233 I N 146C 1~8s, 9~99. 122FE. 147. 15IC. 1530. 
I I 183. 185. 232T. 233F, 327. 386. FLJ. 
I I R. RW 
386 2-26-36 92 I N I 22C:-83~ 9=7,-=C99:-,--:1:-::2-=-2'FE. 146C. 147. 151C, 
I 1530. 183. 185. 232T. 233F. 327. 386. 
I FLJ. R. RW 
387 2-26-36 66 I N -z2'C-:-83-:-9'7";-99. 122FE-;-i46C. 1~7 . uilc.-
1 1630. 183. 18'5. 232T. 233F. 327. 386. FW. R. RW 
389 2-26-36 H4 I N 146C 22C. 83~ 97. 99;--i'22FE.147. 151C;-15ao;--
1 183. 185, 232T. 233F. 327. 386. FLJ. R, RW 
• S Slow •• N = Normal 
t.:> 
~ 
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All the filtrates from slow transfers of butter culture 15/ 3 
were characterized by their ability to inhibit a large number of 
strains of S. lactis. No two of the filtrates showed exactly the 
same activity against the test organisms, although the four fil-
trates did inhibit a considerable number of the same strains. 
This is especially noteworthy, because three of the filtrates were 
obtained within a period of a month while the fourth was ob-
tained a year earlier. Filtrate 48, which came from a normally 
eoagulating transfer of butter culture 15/ 3 during the same 
period as did most of the filtrates from the same butter culture in 
a slow condition, inhibited many of the test organisms acted on 
by filtrates from the slow cultures. Filtrates 96 and 98 came 
from different transfers made at the mme time from a single 
butter culture and demonstrate the variations which may occur 
under such conditions. Filtrate 368 was obtained almost a year 
later than the prior filtrate from the same culture and it had 
entirely different inhibition characteristics. 
Two filtrates, obtained 15 months apart f rom transfers of 
butter culture 103 which had failed to coagulate in a normal 
period, were very different in their abilities to inhibit the strains 
of S. lac tis employed for test purposes. A normal transfer of 
butter culture 103 yielded a filtrate whieh, although obtained 
only 7 days after active filtrate 345, was inactive, apparently 
containing no inhibitory principle. Similar variations in inhib-
itory activity were observed in filtrates from other butter cul-
tures. 
Of the 21 filtrates from slow butter cultures, only three con-
tained no demonstrable inhibitory principle when strains of 
S. lac tis known to be sensitive to some filtrates were used as test 
organisms. Of 28 filtrates from butter cultures which coagulated 
normally, 12 apparently contained no inhibitory principle; most 
of the remaining 16 filtrates inhibited only one S . lac tis strain or 
a few closely related strains. In many instances, the various fil-
trates from a butter culture differed slightly, indicating that 
the inhibitory principle in a culture is apparently non-static. 
INHIBI'rION ABILITIES OF FILTRATES FROM S. lactis CUl.TURE. 
AND OTHER SOURCES 
Filtrates were obtained occasionally from sensitive strains of 
S. lactis grown in 100 ml. quantities of various media under a 
variety of conditions and tested for inhibitory principle by the 
litmus milk culture method. Although 10 filtrates from 8 strains 
of S. lactis were studied, none of them showed any tendency to re-
tard growth of 10 or more test organisms of widely differing 
sensi tivi ties. 
Five strains of S. lactis were grown in milk digest broth at 
30°0. and filtered after 24 houriil. A 10 ml. portion of each fil-
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trate was added to 100 ml. of fresh broth which was then inocu-
lated with tIle organism from which the filtrate had been obtain-
ed. This procedure was repeated seven times. Filtrates 
obtained from the seventh inoculations were tested for in11ihitor;,-
Jlrinciple by the litmus milk culture method with negative results. 
The filtrates were then added in 10 ml. quantities to 100 ml. 
portions of milk digest broth which were inoculated with the 
S. Zactis strains from which the filtrates had been obtained; 
after 9 days at 30°C. the cultures were filtered. The filtrates 
did not retard acid development of any of the 11 cultures of 
8. lactis against which they were tested. 
The results indicate that inhibitory principle was not detect-
able in cultures of sensitive strains of S. lactis and apparentl~­
was not produced in the cultures, either when filtrates from 
previous cultures were added to new cultures or when cultures 
were held for considerable periods under conditions which 
appeared favorable for generation of the principle. 
The effect on S. Zaciis of eight representative strains of bar-
teriophage 3 active against mE'mbers of the colon group was 
investigated. None of the 13 cultures used showed any sensitiv-
ity to the strains. 
Because the inhibitory principle is associated with butter cul-
tures and apparently is not found in cultures of 8. Zactis. 
attempts were made to obtain it from cultures of citric acid-fer-
menting streptococci. Litmus milk cultures of three t.ypical 
strains were incubated for 3 days at. room temperature, coagu· 
lated with lactic acid and filtered. The absence of inhibitory 
principle in the resulting filtrates was demonstrated by t.he lit-
mus milk culture method, using 11 cultures of S. lactis. Al-
though only t.hree cultures were studied, the results suggest that 
the citric acid-fermenting' streptococci are not import.ant from t.he 
standpoint. of causing slow acid production by butter cultures. 
In general, the data indicate that the inhibitory principle was 
present in a substantial percentage of both the slow and normal 
butter cultures examined but not in pure cultures of organisms 
from butter cultures or in bacteriophage preparations active 
against members of the colon group. The great variation in 
activity of different filtrates against selected strains of S. bc:tis 
suggests a relatively complex interrelationship between principle 
and organism. 
SEC"l'ION B. BIOLOGICAL CHARACTERISTICS OF 'l'HE 
ACTIVE PRINCIPLE IN FILTRATES 
PROPAGATIO::\' OF THE INHIBITORY PRINCIPLE 
In determining the smallest amount of filtrate cont.aining 
principle which 'would markedly inhibit. t.he growth of a sensitive 
3 The bacteriophage preparations were supplied by Dr. M. J . Powers. 
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TABLE 7. CHANGES IN TITER RESULTING FROM PROPAGATION OF STRAINS 
OF INHIBITORY PRINCIPLE ON SENSITIVE CULTURES OF S. LA CTIS. 
Source of filtrate 
Filtrate Titer 
no. S. facti! used Filtrate used avo Remarks 
no. nn. duplicates 
191 10- 5 Filtrate from butter culture 15 / 3. 
118 99 191 10- 8.5 
127 99 118 10- 7.5 No incubation prior to adding fi ltrate. 
142 99 127 10- 9+ 
157 99 142 10- 8.5 
162 99 157 10-9 
168 99 162 10- ' ·5 
10 10- 1 Filtrate from butter culture 232. 
29 42 10 10- ' ·5 
36 42 29 10- 7 
62 113 3 10- 1 First propagation of a p!aQue isolation from 
filtrate of butter culture 232. 
185 97 62 10- 2 Filtrates 189, 196 and 201 were obtained from 
207 97 201 10- 5.5 
successive propagations of fil trate 185. 
Filtrates 212 and 216 were obtained from 
successive propagations of filtrate 207. 
276 97 216 10- 8.5 
strain of S. lactis in litmus milk culture, dilutions of the filtrate 
in sterile distilled water were used. If 10-7 m1. of the filtrate' had 
an inhibitory effect on the test culture, the titer of the f iltrate 
was considered to be 10-7• Duplicate determinations were made 
and the exponents averaged arithmetically to give 111e J'crOl'ded 
titer. Thus, if the smallest amount causing re1ardation of acid 
production was 10-7 m1. in one series and 10-8 m1. in another, the 
titer of the filtrate was expressed as 10-7.5, this form of average 
being considered sufficiently accurate for the determinations 
made. 
Since the concentration of inhibitory principle in fi ltrates 
from butter cultures was usually rather low, many of the filtrates 
hllving titers of 10-2 or less, attempts were made to increase the 
titers by propagation of the principle at the expense of sensitive 
strains of S. lac tis. I~itmus milk in 100 ml. quantities in cotton-
stoppered, 160 m1. bottles was usually used as the medium, al-
though tomato broth and milk digest broth, both at pH 6.8, 
were also employed. The media were inoculated with a culture 
~mJ then usually incubated 4 to 10 hours at room temperature 
before the addition of 1 ml. of filtrate, the length of incuhation 
before inoculation increasing as the titers of the filtrates in-
creased. The litmus milk cultures frequently did not coagulate 
during the usual 48-hour incubation period; in such cases, suf· 
ficient dilute lactic acid was added to coagulate the culture be-
fore it WllS submitted to preliminary filtration through filter 
pllper. The effects on the titers of the resulting filtrates of prop-
agating inhibitory principle for several generations at the ex-
pense of sensitive cultures of S. lactis grown in litmus milk are 
shown in table 7. 
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The results show that the titers of the filtrates were definitely 
inc-reased. Although only three series of filtrates are included, 
similar r esults were commonly obtained in other trials. Most of 
the filtrates brought to what might be called the "maximal 
titer" were active in quantities as small as 10-9 or 10-10 m!. Oc-
casionally, filtrates with titers as high as 10-11 were obtained, 
but it was impossible to maintain them at such a level through 
a series of propagations. 
lndieations were that the extent of growth of a culture or the 
number of cells per unit volume in the culture at the time of 
adding the filtrate to be propagated was a factor in the regener-
ation of the inhibitory principle. To demonstrate this, 100 ml. 
quantities of litmus milk in cotton-stoppered bottles were inocu-
lated lightly with sensitive strains of S. lac tis. After various 
periods of incubation the desired filtrate was added in 1 m!. 
quantities, the condition of the culture being noted at the time of 
the addition. The cultures were allowed to stand at either 21° 
or 30°0. for 48 hours, after which filtrates were obtained from 
them and the titers determined. Results of five series of experi-
ments are summarized in table 8. 
Except in the ease of filtrate 191 propagated on S. lactis 99 
at 21°C., the filtrates from cultures which had been allowed to 
grow for a short time before inhibitory principle was added had 
relatively high titers. If growth were permitted to progress too 
far before the principle was added, multiplication of the organ-
isms was not stopped and the culture coagulated within 24 hours 
after inoculation. Filtrates from cultures which had definitely 
changed reaetion at the time of adding inhibitory principle and 
which coagulated soon afterward, usually were either compara-
tively low in titer or entirely lacking in inhibitory principle. 
Portions of litmus mille (100 m!. each) were inoculated with 
S. lactis cultures and incubated. After plating' on tomato agar, 
1 m!. of a filtrate was added to each and plate counts made at 
intervals. At the termination of the incubation period, a fil-
trate was obtained from each culture and the titer determined. 
Table 9 gives the results. 
S. lactis 97 to which filtrate 216 was added after 11 hours 
incubation remained unchanged in reaction, as indicated by the 
appearance of the litmus, during the entire holding period. The 
same was true of S. lac tis 147 to which filtrate 217 was added 
after 11 hours incubation. S. lactis 147 was almost completely 
reduced and quite acid when filtrate 217 was added after 15.5 
hours incubation, and it remained reduced for more than] a hours. 
The titers of the filtrates obtained were roughly proportional to 
the numbers of organisms present at the time of adding the fil-
trates. The general results indicate that regeneration of inhib-
itory principle and progressive increase in the titers of filtrates 
TABLE 8. EFFECT OF PERIOD OF INCUBATION OF SENSITIVE S. LACTIS CULTURE BEFORE ADDING FILTRATE ON TITER OF 
TIlE RESULTING FILTRATE. 
-------- -
S. {actis Period incub. Filtrate Temperature Appearance ot culture Titer of 
culture before adding of - resulting 
no. filtrate No. Orig. titer holding At time of adding filtrate 24 hrs. after inoo. S. Lac tis filtrate 
99 o hr. 191 10- ' 21° C. Unchanged Unchall';oo to- 8 .5 
4 Unchanged Unchanged 10-'-' 
12 Partially reduced Coagulated 10-' 
24 Coagulated Coagulated 0 
99 0 191 
I 
10- ' 30 Unchanged Acid, reduced 10- 7 
4 Very slightly acid Coagulated 10- ' 
12 Slightly acid, reduced Coagulated 0 
-
I 
99 0 127 10- 7 .' 21 Unchanged Unchanged 10- 7.5 
5 Unchanged Unchanged 10-8 .' 
8 .5 Partially red uced, very sligh tly acid Slightly acid 10- ' 
12 Reduced, slightly acid Moderately acid 10-0 
99 0 128 
I 
10- 6.5 30 Unchanged Very slightly acid 10- 7.5 
5 Partially reduced, slight.1y acid Partially reduced, slightly acid 10- ' 
8 .5 Reduced, moderately acid Coagulated 10- >.5 
12 Reduced, quite acid Coagulated 10-' 
42 12 29 10- 6 -' 21 Unchanged Unchanged 10-7 
18 Slightly reduced Slightly reduced 10-7 
36 Reduced, slightly coagulated Reduced, slightly coagulated 0 
60 Coagulated Coagulated 0 
I':) 
fI'o. 
~ 
250 
TABLE 9. EFFECT OF ADDING INHIBITORY PRINCIp.LE ON PLATE COUNTS 
OF SENSITIVE CULTURES OF S. LACTIS. 
~:-::.--=_-__ -=-=-=---==c=============== 
'rime of 
making count 
Bacteria per ml. of culture 
filtrate 216 filtrate 217 filtrate 217 
S. lacti., 97 PIUSj S. la ,·tis 147 plus j S . lacti., 147 plus 
(11 hrs.prelimin- (11 hrs. prelim in- (15.5 hrs. prelimin-
ary incubation) ary incubation) ary incubation) 
Befo~e adding fil~rate : ............... .... 1 
10 mm. after addmg f.lltrate ..... . 
1 hr. after adding filtrate ....... . .. 
4 hrs. after adding filtrate ............ , 
13.5 hr •. after adding filtrate .. 
24.5 hI'S. after adding filtrate _ 
Titer of filtrate obtained ............ 1 
44,50(),000 
40,300,000 
53 ,000,000 
750 
3,150 
114,000 
10- 9 
48,700,000 
16,750,000 
13,250,000 
150 
40 
3,500 
10-8.5 
I 425,000.000 307.000.000 
: 161;,000,000 
I 9,850,000 
1 <100 ( 9 hr.) I < 100 (20 hr.) 
1 10- 10 
are brought about by the propagation of the principle in cul-
tures of sensitive bacteria. ,Vhile the particles of principle are 
multiplying, the number of viable organisms in a culture is de-
creasing. The greater the Immber of bacteria per unit volume 
of culture, the higher the titer of the Eiltrate obtained from the 
culture, although if the number of cells present is too great, 
multiplication of the principle is much retarded or does not 
occur. Sometimes this may be the result of unfavorable reac-
tion of the medium, but the ratio of cells of the sensitive organ-
ism to particles of the inhibitory principle seems to be a factor 
of importance. . 
SEGREGATION OF INDIVIDUAL STRAINS OF INHIBITORY PRINCIPLE 
Two methods were used for the purification of individual 
strains of inhibitory principle, propagation of the principle on 
straim; of sensitive bacteria (as already described) and picking 
plaques. In the latter procedure a smear culture of sensitive 
organism was made on an agar surface and a drop of filtrate 
containing principle then placed on it; after suitable develop-
ment, a plaque, or cleared area, was touched with a flamed and 
cooled needle whi.ch was then rinsed in a 100 ml. quantity of 
sterile litmus milk and the milk inoculated with a small drop 01 
24-hour culture of the organism used for the smear culture. 
Apparently, the plaques are the result of the inhibitory, and 
possibly the lytic, activity of particles of principle on the grow-
ing or~anisms. To obtain a filtrate of any considerable titer 
from a plaque, it was necessary to propagate the isolated prin-
ciple for several generations on a sensitive strain of S. lactis. 
Filtrates obtained with the two methods were tested by the 
litmus milk culture procedure to determine their abilities to 
retard growth of various strains of S. lactis. Table 10 presents 
the results. 
In general, the purification procedures resulted in elimination 
of certain inhibition characteristics of the orginal filtratefl and 
in strengthening the remaining abilities to inhibit certain strains 
of S. lactis. "Vhen various strains of sensitive organisms were 
TABLE 10. EFFECT ON INHIBITION ABILITIES OF PURIFICATION OF STRAINS OF PRINCIPLE BY PROPAGATION AT THE 
EXPENSE OF SENSITIVE STRAINS OF S. LACTIS AND BY PICKING PLAQUES. 
Filtrate 
no. 
Origin of filtrate I Method of I 
---- ------ isolating 
S. lac tis . I Filtrate I Ge.ner- filtrate' 
used. no. used, . no. ahons 
Cultul'es inhibited Cultures not inhibited 
3 1 1 0 1 Pro 42. 47. 97. 9D. 111. 113. 147. 180. 185 88. 161. 163. 176. 183 
300 97 1 3 1 3 II PI" 97. 327. FW 22C. 83. 99. 146C. 147. 151C. 1530. 233F. 
_--::-;------;'-____ 1 1 327. 386. R. RW 
61 1 I--O-I-pr 22C. 83. 97. 99. 146C, 147. 151C. 1530. 183. R. RW 
1 1 122FE. 185. 233F. 327. 386. FL.J 
1--6-1-1--2-1 Pr 97. 327. FLJ·"-==~::::':~=~~--+--co2""2C;;-.-8;:-;3;-.-:9;-::9-. 71746:C:C"'".--:l:-:4-=7-. :-'12;:;2~F"'E"'".-:1::;571C;:;.-"'15;;3;;;0-. 
1 ! 183. 185. 233F. 386. R. RW 
--:2""171--+-----;;c9;;-7--fI-----;c61;--'I[---;;--'\ Pr 97. 147. 327 22C. 83. 99. 122FE. 146C. 151C. 1530. 
1 1 183. 185. 233F. 386. FLJ. R. RW 
--:2""3;;;6--+--:1-;4;;-7--1--6-1-1-2- - P-r-- 183.327 22C. ~3. 97~99~22FE~146C~7~ 
--=-=-;------;!---,--=-----+I---:o::---'I--;--- 1530. 185. 233F. 386. FW. R. RW 
251 97 1 61 1 5 Pr I 97. 327. FLJ. R 22C. 83.99. 122FE. 146C. 147. 151C. 1530. 
R 1 1 2 Pr 183. J 85. 233F. 386. RW 
296 97 I 61 1-2- -PI 97. 327. FLJ 22C. 83. 99. 122FE. 146C='.'-1c-4"'7-. ccl =-51"'C=-.· 1530. 
----::-:--+---------iI----1 183. 185. 233F. 386. R. RW 
54 1 1 0 Pr 83. 97. 99. 122FE. 146C. lSlC. 1530. 22C. 147. 183. FLJ. R. RW 
~,-,-----'--I-_=_c_____cl 185. 233F. 327. 386 
J 111 1 54 1 1 P,. I 83. 99. 151C. 185 22C. 97'. 122FE. 146C. 147. 183. 233F. 327. 
t 163 1 1 5 Pr ---:~3c_86==.7F:..:W:::::..:.'--R='c. ~R:..:Wc,....,=_c_=_=_~-;--=__=~ 
265 1111 1 54 1 Pr I 97. 122FE. 1530. 185. 233F. 327. 386, 22C. 83, 99, 146C. 147, 151C. 183. R. RW 
1530 1 P,. FW 
92 161 
218 
1 ...... 1 p,. 97 42. 111. 161. 163. 180. 185~-:co;;--:-; 
97--1-110---3-1 Pr nco 97. 147. 327. FLJ 99. 122FE. 146C. 151C. lS·30. 183. 185. 
1 1 233F. 386. R. RW 
---:lc:Sc:::9--+-----'I--- 0 1 Pr 97. 146C, 327 22C. 83. 99. 122FE'-. 7147:7;-.-:1::;5:-'lC;;-.--:lC:5"'30;;-.-1:-8~3. 
--;o;;-:--:-+----;;-;;-----il'----:;-; 185. 233F. 386. FW. R. RW 
205 97 1 159 --7- -Pr 97. 327 22C. 83. 99, 122FE. 146C. 147. 151C. 1530~ 
110 
166 
1 183. 185. 233F. 386. FW. R. RW 
191 Pr 22C. 83. 99. 122FE. 146C, 147. 151C. 1 97. 1530. 183. FLJ. R, RW 
185. 233F. 327. 386 
235 ~~ 191 10 Pr 83. 99, 151C. 185 22C. 97. 122FE, 146C. 147. 1530'. 183. 
246a 
233F. 327. 386. FW. R. RW ___ _ 
122FE 191 2 Pr 122FE. 146C. 233F, 386 22C. 83. 97. 99, 147. 151C~1530. 183, 185. 
327, R. RW 
J 147 191 4 1 Pr I 22C. 147 83. 97, 99. 122FE. 146C. lolC. 1530. 183. 
t 295 2 1 Pr 185. 233F. 327. 386. FW. R. RW 
249 
99- 191 I--PI 83. 99 22C. 97. 122FE. 146C. 147. 151C. 1530. 
-~-;------i---,--c=c-- 183. 185. 233F. 327. 386. FLJ. R. RW 
311 147 191 15 I-----P;:-- 22C. 147 83. 97. 99. 122FE. 146C. l '51C. 1530, 183. 
185. 233F. 327. 386. FLJ. R, RW 
293 
*Pr propagation; PI plaque isolation. 
t-:) C." f-' 
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used in the purification, different inhibition abilities were re-
tained by the purified filtrates. This is illustrated by filtrates 
92, 211 and 236 obtained from filtrate 61 by the use of cultures 
161, 97 and 147, respectively. Filtrates 235, 246a and 311 obtain-
ed. from filtrate 191 by propagation on cultures 99, 122FE and 
147, respectively, werr even more diverse with respect to the 
~trains of S. ktctis inhibited. 
Although obtained from different butter cultures, organisms 
220 and 147 were apparently able to propagate the same inhibi-
tory factors. This was demonstrated by filtrates 249 and 311 
which were obtained by the use of these organisms. The two 
filtrates inhibited only two cultures in the test group and were 
apparently very similar. 
y' :. 
Use of the same organism and original filtrate in different 
trials does not insure that the final filtrates will have exactly 
the same characteristics. Filtrates 235 and 293 obtained from 
filtrate 191 by the use of S. lactis 99 demonstrate this point. 
1"iltrate 235 was obtained by propagation for 10 gonerations 
and was active against cultures 83, 99, 1510 and 185. Filtrate 
293 was a strain isolated from a plaque and propagated twice 
on culture 99; it inhibited cultures 83 and 99 but not cultures 
1510 and 185. Filtrates obtained from a number of original fil-
trates by the use of one organism were frequently even more 
diverse in their characteristics, as shown by filtrates 300, 211, 
166 and 205. 
In only one instance was an ability to inhibit a culture not 
inhibited by the original filtrate acquired during propagation. 
]'iltrate 206, which is not listed in table 10, was the r8sult of the 
propagation of filtrate 61 on culture 97 for fiYe generations. 
It inhibited organism R which was not inhibited by filtrate 6l. 
Filtrate 251, which is included in table 10, was the result of the 
propagation of filtrate 206 for two generations on organism R. 
Since all equipment used for handling cultures and filtrates was 
sterilized in the autodave, contamination does not seem to explain 
the appearance of the added inhibition factor. 
Many of the fi.ltrates from butter cultures apparently con-
tained more than one type or strain of inhibitory principle, the 
eriterion for differentiation of strains being the inhibition of 
different strains of test organisms. Each ~rganism of a dif-
ferent Rensitivity type seems to selectively propagate one strain, 
01' a few closely related strains, of principle to which it is sensi-
tive and permit elimination of other strains by dilution in the 
propagation procedure or by segregation in the plaque method. 
Individual strains of S. Zactis varied markedly in the degree of 
purification which they would effect. Oulture 1530 was defi-
nitely unselective, whereas cultures 220 and 147 were very selec-
tive. Such differences in behavior are undoubtedly reflections 
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of the relative complexities of the groups of factors in the celli,; 
which determine the sensitivities to inhibitory principle. If two 
('ultures of S. lactis, such as 22C and 147, possess the same sen-
sitivities to inhibitory principles, they apparently propagate the 
same strains of principle. 
No attempt was made to obtain the maximum number of 
strains of inhibitory principle from a single filtrate, although the 
indications are that frequently a considerable number of 
individual strains could be obtained if different organisms 
definitely selective in nature were used. The segregation probably 
would be more complete if plaque isolations, rather than serial 
propagations, were employed since more than one type of prin-
ciple active against an organism can be propagated on it. 
CONDITIONS NECESSARY FO[{ LYSIS BY THE PRINCIPLI, 
Attempts to bring about lysis of sensitive strains of S. lac tis 
by preparing slightly cloudy smpensions, in milk digest or 
tomato broth, of cells from 24-hour broth cultures of the organ-
isms were unsuccessful as long as the filtrates used were those 
obtained directly from slow butter cultures. When filtrates ot 
high activity, resulting from a series of propagations of the 
principle on a sensitive strain of organism, were employed, clear-
ing usually o('curred on holding the suspensions at room tempera-
ture for 6 to 28 hours. A series of media at various pH levels 
aHd hcld at various temperatures was used to determine the 
optimum conditions for the lytic phenomenon. 'romato broths at 
pH levels 5.4, 6.8 and 7.5; 2.5 percent unbuffered milk digest 
hroth at pH 6.8; 1.5 percent milk digest broth buffered with 
phthalate at pH 5.8 and with phosphate at pH lc:vels 6.7 and 7.3; 
and beef infusion broth at pH levels 5.9, 7.2 and 7.7 were employ-
ed. Broths at pH 4.8 were not used because preliminary trials in-
dicated that neither growth nor lysis occurred at such a pH. A 
0.1 ml. portion of 24-hour tomato broth culture was added to 
each 8 nu. quantity of broth, that amount of culture having been 
found to cause a definitely perceptible cloudiness in the other-
wise clear medium; filtrate in 0.2 ml. quantities was added to 
three tubes of each inoculated medium and not added to three 
other tubes. The filtrates were all of high titer and had recently 
been propagated for seyeral generations on the strains of S. lactis 
used for inoculation. One tube containing filtrate and organ-
ism and one containing organism alone were placed at 37'C., 
another pair at 30°C. and the third pair at 21°C. Results ob-
tained with three combinations of organism and filtrate are sum-
marized in tables 11, 12 and 13. 
Except in the case of phosphate-huffered milk digest broth, a 
pH approximating 6.8 was mORt favorable for lysis. Buffered 
milk digest broth adjusted to pH 6.7 permitted lysis with only 
TABLE 11. EFFECTS OF MEDIUM. TEMPERATURE AND pH ON LYSIS OF S. LAC TIS 147 BY FILTRATE 278. 
Appea rance of culture held at 
37°C. 30° C. 
I 
21°C. Medium pH Inoculation 
5.5 hrs. 18 hI's . 5.5 hrs . 18 hI's. 5.5 hrs . I 18 hI's. 
- -Tomato broth .... . ........................................ ...... .............................. , I C+ F* - - -
+++± I 
5.4 
? - ++ + ++++ I C 
? - - - -6.8 I C+F 
+:t + +++ I \ 
C + ? +++ ++++ 
C+ F - - - - -I 7.5 
? ? ++++ + ++++ \ \ C -C+ F - - - - - -2.5'/0 milk digest broth. unbuffe,·ed .............. ........ 6.8 
+++ +++ +++ ++++ +++ ++++ 
1. 5% milk digest broth. phthalate buffered ........... . 1 I C - - -5.8 C+F - - -C ++ +++ ++ ++++ + ++++ 
./ 
- - - - -1.5% milk digest broth. phospha te buffered ........ 1 6.7 I C+ F 
+1 + +++ ++++ ++ ++++ \ C +:t +++t +:t +++:t I 7.3 C+ F ? + 
Beef infusion broth . ...... ....................... ............ .................... ..1 I C + ? + ? -5.9 I C+ F 
++ ? ++ , C ++ ? C+ F - - - - ? -7.2 
? ? ? ++ - + I C 
+ ++ + ? ? ? I 7.7 I C+ F 
I I C ? + ? + - ? - --
"C+1<' = S . lactis + filtrate; C = S . lactis 
- = no cloudiness; ? = questionable cloudiness; + . ++. ++ + . ++++ increasing cloudiness . 
1'-' 
v-' 
~ 
TABLE 12. EFFECTS OF MEDIUM. TEMPERATURE AND pH ON LYSIS OF S. LACTIS 147 BY FILTRATE 235. 
Appearance of culture held at 
Medium pH Inocu lation 37°C. I 30°C. 1 21°C. 
5 hI's. 
1 
20 hI's. 
1 
5 hI's. 
1 
20 hI's. 
1 
5 hI's. 
1 
20 hI's. 
Tomato broth ............................................................................. 1 5.4 1 C-~-F* iII i=++ ++ ++++ + ++++ I 1 C +++ + +++..J-6.8 1 C+ F i'tt +++ +ttt ? ? 1 I C t++ ++ ++++ 1 7.5 C+F +++ ? ? 1 C +++ ++ ++++ 2.5% milk digest broth. unbuffered ........... ................... 1 6.8 1 C+F 
+t i+++ ++ +++t + +++ 1 
1 
C +  ++ ++ ++++ 1. 5% milk digest broth. phthalate buffered ........ 1 5.8 C+F 
++ 
+++ + 
+++ 
? -
1 I C +++ ++ + ++++ 1.5% milk digest bl·olh. phosphate buffered ... ...... 1 6.7 C+F 
+++ 
++++ 
+++ 
++++ + +++ I 1 C ++++ ++++ ++ + ++ 
1 7.3 1 C+F 
++t ++++ +++ 
+++ 
+t +-+++ Beef infusion bl'oth .................................................................. 1 1 
C +++ ++++ ++++ 5.9 C+F ++ +++ + ++ + +++ 
1 1 c ++ ++ + ++ + +++ I 7.2 
I 
C+ F - - - - - -C +:t ++:t + +:t + ++ I 7.7 C+F - ? -C 
--+_ .. + + ++ ------ + ++ 
*C+F = S. lact;s + filtrate; C = S. lact;s. 
- = no cloudiness; ? = '1uestionable cloudiness; + . ++. +++. ++++ increasing cloudiness. 
I ~ 
01 
<:, )1 
TABLE 13. EFFECTS OF MEDIUM. TEMPERATURE AND pH ON LYSIS OF S. LACTIS 97 BY FILTRATE 276. 
Appearance of culture held at 
Medium pH Inoculation 37°C. 30°0. 21 °0. 
6 hrs. 26 hrs. 6 hrs. 26 hrs. 6 hrs. I 26 hrs. 
-
Tomato broth ... ... ................ . . .... ...... ......1 ::: ! C+F* 
t ++ 
- -
? 
-
0 +++ +++ ++ ++++ 
O+F ? - - - - -
7.5 \ 
C ++ + ++++ ++++ +++~ ++++ 
C+F ? - - - -
2.5% milk digest broth. unbuffered .............................. \ 6.8 \ 
0 ? ? +++ ++++ +++ ++++ 
O+F - - - - - -
tI! tl! !Itt 
+++~ ++l ++++ 1.5% milk digest broth. phthalate buffered . ..J 5.8 \ C -O+F 
nn !if 1m 1.5% milk digest broth. phosphate buffered .... .... I 6.7 \ C O+F 
Beef infusion b"oth . .. .... ....... ..... ... ... .. 1 ::: I 
0 
tt O+F +++ 0 T+ 
l ++ ++ 
-O+F 
+ ++ I 7.2 I 0 - - -O+F - - -
\ 7.7 II C + 
+ ' + ++ 
t +t O+F ? - ? ? 
+ ? + ++ + + I I 0 
.- . --
-
*O+F = S. lac!is + filtrate; C = S . lac!" 
- = no cloudiness; ? = questionable cloudiness; +. ++. + + +. ++++ increasing cloudiness. 
~ 
<:.J1 
O"l 
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one of the three combinations studied. '1'his medium at pH 5.8 
was more suited to lysis than at pH 7.3. When tomato broth 
was used, pH 7.5 was only slightly more favorable than pH 5.4. 
Beef infusion broth at pH 7.2 permitted lysis more frequently 
than at pH 5.9 or 7.7; pH 5.9 was more suited to lysis than pH 
7.7, the difference being considerable. 
Under all the conditions of medium and pH, 21° or 30° O. 
tended to be more favorable for lysis than 37°0., but the dif· 
ferences were never striking. Reclouding of the medium by 
secondary growth was noted in numerous instances when lysis 
had taken place at 21°0. and was usually apparent within 3 
days after adding the filtrate. The cultures lysed at 30° or 37°0. 
did not show this pronounced tendency toward secondary growth. 
The titers of inhibitory principle in a number of lysed cultures 
from the trials were determined by the dilution method, using as 
test organisms the strains of S. lactis which had been lysed. The 
data are assembled in table 14. 
With the exception of the two cultures lysed at 37°0., there 
were relatively small differences in the concentrations of inhib· 
itory principle. As long as the cultures were lysed and remained 
clear for some time, the type and pH of the medium seemed to 
have little influence on the concentration of principle in them. 
COMPARISON OF LITMUS MILK CULTURE AND PLAQUE METHODS FOR 
DEMONS1'RATING I NHIBITORY PR INCIPLE 
On several occasions a group of S. luctis cultures and a group 
01 filtrates were tested against each other by the use of both the 
TABLE 14 . TITERS OF INHIBITORY PRINCIPLE OBTAINED FROM S. LACTIS 
CULTURES LYSED lTNDER DIFFERENT CONDITIONS 
S. facti! Filtrate 
no. no. Medium pH Temp. Titer 
---
97 276 Tomato hroth 6 .8 37° C. 10- 7 or less 
30 10- '·5 
21 10-'·5 
7.5 30 10-' 
21 10-' 
5 .4 30 10-' ·5 
21 10-' 
2.5% milk digest broth, 
unbuffered 6.8 30 10-' 
1.5% milk digest broth, 
buffered 5 .8 21 10- ' 
Beef infusion broth 7.2 37 10- 7 or less 
30 10- ' 
21 10-7.5 
5 .9 21 10- ' 
147 278 Tomato broth 5.4 30 10-8.> 
6.8 30 10-' 
7.5 30 10-8.> 
2.5% milk digest brot~, 
unbuffered 6.8 30 10-' 
1.5% milk digest broth, 
buffered 5 .8 21 10-' 
6.7 21 10-'·5 
7 .3 21 10-' 
Beef i.fusion broth 7.2 30 10-' 
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TABLE 15. Co.MPARISONS OF LITMUS MILK CULTURE AND PLAQUE 
METHODS FOR DEMONSTRATION OF INHIBITORY PRINCIPLE 
IN FILTRATES. 
Organism Test ___ -,--___ -,----______ -,-___ ,--__ _ I I ~h. 
no. method I .:1 I 53 54 
42 ' W + 1 + t, t----''-----t''----
47 ' W + II + t--II-t-.;. 
57 , W '--1-'----
72 , W , , 
88 '-W- I + I ---
-97-'-W-I-t-I--1;-1 =1= -t-,-+--t-
99 'W-,-+- ,-+- -t-, t t-
101 ,-W- -.::1::- ,-+- -t-II-t--t-
111 W--+- ---,-+- --1;-I-~---1;-
---;1-;-;13;;---i--:W + -t-' + t I + 
M = litmus milk culture method; P = plaque method; 
+ = inhibition ...... - = no inhibition; ? = questionable inhibition. 
litmus milk culture and plaque methods to compare the methods 
for determining the presence of inhibitory principle in f iltrates 
and for demonstrating the sensitivities of S. lac tis cultures to 
filtrates. Table 15 givEs the r esults of one series of trinls. 
The two methods agreed only moderately well with the organ-
isms and filtrates used. In most cases where agreement was lack-
ing, the litmus milk culture method indicated the presence of 
inhibitory principle while the plaque method gave negative 
results, but the situation was sometimes reversed. All the filtrates 
employed had been obtained directly from slow butter cultures 
and some of them were of low titer. The use of 0.1 m1. of fil-
trate for the litmus milk culture method and of 0.01 mi., or less. 
for the plaque method may explain ~ome of the discrepancies in 
results, because inhibitory principle might have been present in 
the larger and not in the smaller quantity. The non-confluent 
gl'owth of S. lac tis on agar may have prevented detectioll of 
plaque formation in some cases in which the plaques were of 
unusually small size. Plaques observed ranged from 0.3 to 
2.0 mm. in diamewr, with the majority of them approximatel~-
1 mm. The size of the plaques appeared relatively constant for 
each purified strain of inhibitory principle. 
Additional comparisons of the two methods are given in 
table 16. 
-With t.he combinations of organisms and filtrates involYCd, 
there were fewer discrepancies between the two methods. 'l'his 
TABLE 16. FURTHER COMPARISONS OF LITMUS MILK CULTURE AND PLAQUE METHODS FOR DEMONSTRATION 
OF" INHIBITORY PRINCIPLE IN FILTRATES. 
Org anism I 
no. 
Test 
method I ~~ 41 1 52 1 53 I 54 55 I 61 I 98 1 159 1 191 I 235 1 247a 1 251 I 311 1 312 I 313 1 315 I 369 
RI W 1- -1= 111-i l = I=I=I=1-1= Itl=ltl = I-1 RW I M I - I I - I - 1 - 1 - I - 1 - I I - I - I-=-'-=-I---:::r-I'-----!I--I P -1--1- - -1- -1-1-1-1+ -1+ -I 
22C I w it 1 1 - 1 - 1 t 1 t 1 = 1 = 1 t 1 - 1 = I = I t II - I 1 + 1 
831-W 1 t 1 - 1 - I t 1 tit II = 1 = I ~ It! = 1 - I I '- I - 1 - 1 
97 1 W I t 1 - 1 I tit 1 tit 1 ~ I = 1 - I -It II ± \ I \ = 1 t 1 + 
991- W It 1 1 Itl+ltl = 1 ltl t 1- 1- 1 1 I I - I 
122FE 1 W 1 ~ I t 1 - 1 tit 1 t 1 1 = 1 til 1 - 1 - 1 - 1 I t 1 
146(J1-W- 1 t I = I t 1 t +- 1 t 1 t 1 tit 1 1 - 1 = 1 - 1 I 1 t I 
147 I w it I = I - I - 1 ttl 1 = 1 t 1 1 = 1 - 1 til - 1 - 1 
~cl--~r I = 1 = I - 1 =1= t 1 -It 1--1- 1-+- 1 t ! = 1 = I 1 I - I t 1 
1530 1 M 1 + 1-+ I - I + + I + I - 1 - I - 1 - 1 1 I I + I I P +171-1+ + -I -1- 1- 1 - I 1+1 
--'-32=7 -!I---"M 1 + 1 - I - 1 + + 1 + I + I + I - 1 + I - I I - 1 t 
P I+I-I-!+ +1+1+17 1 1 71+1-1+1 , 
386 1 . W it 1 tit :t tit 1 1 - =1= 1 - 1 1 
M litmus milk cu lture method; P = plaQue method . .-j-. inhibition; 
no inhibition; ? = Questionable inhibition. 
=1= 
I'.:l 
c.n 
<D 
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situation was probably the result of two factors, use of filtrates 
of higher titers and employment of cultures of great.er sensitivi-
ties; since the determinations were made at a later date than 
those in the preceding group, greater latitude in the selection of 
C'ultures and filtrates was possible. 
In general, the litmus milk culture method seemed more 
satisfactory than the plaque method because it demonstrated the 
presence of inhibitory principle in a greater number of border-
line cases and also because it more closely simulated conditions 
ill butter cultures. Considerable time was saved by its usc, 
thus permitting the completion of a greater number of tests. The 
piaqne method was of value for determining the possible 
sensitivities of organisms which would not produce characteris-
tic changes in litmus milk. 
ACTION OJ' I N HIBI'fORY PRINCIPLE ON VARIOUS BAC'l'ERIAL SPECIES 
Six strains of Lactobacillns casei which came originally from 
cheese were tested bv the litmus milk culture method for sensi-
tivity to eight filtr~.tes active against a number of S. lac tis 
strains. In no case was any r etardation of growth evident when 
the cultures to which filtrate had been added and control cul-
tures without filtrate were incubated at 37°0. until coagUlation 
took place. The plaque method also gave negative results with 
the two cultures tested. 
The lack of sensitivity of eight strains of citric acid-fermenting 
streptococci was demonstrated by the plaque method. Litmus 
milk cultures of the organisms were smeared on the surfaces 01 
tomato agar plates and drops of six representative filtrates 
placed on the smeared areas. No plaques were visible after 18 
and 42 hours. 
Ten filtrates were used to test the sensitivities of eight rep-
resentative C'ultures of St1'eptococcns liqnefaciens, using the lit-
mus milk culture method. No inhibition as a result of addition 
of filtrate was evident. 
SECTION C. EFFECT OF PHYSICAL AND CHEMICAL FACTORS 
ON ACTIVITY OF INHIBITORY PRINCIPLE 
EFFECT OF HEAT 
To determine the effect of heat on strains of inhibitory prin-
ciple, 1 ml. portions of filtrates were added to 100 ml. quantities 
of sterile litmus milk. After thorough shaking, 2 ml. portions 
were pipetted into sterile 10 x 60 mm. serological tubes ; the tubes 
were then sealed in a blast lamp and suspended in a water bath 
maintained at the desired temperature. At the end of the heat-
ing period, the tubes were removed from the bath and immediate-
ly placed in ice water. The presence or absence of inhibitory 
principle was determined by the litmus milk culture procedure. 
Table 17 presents results of the trials. 
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Tl, BLE 17. INACTIVATION OF VARIOUS STRAINS OF INHIBITORY 
PRINCIPLE BY HEAT. (FILTRATES DILUTED 1 :100 WITH 
STERILE LITMUS MILK. ) 
Heating conditions \ Effect of heat on filtrate 
+ = destroyed; - = not destroyed; ± = one of the duplicates showed 
destruction, one showed survival. 
The titers of the various heated filtrates were not determined, 
the results being merely qualitative. Although only nine fil-
trates were tested to determine the exposure necessary to com-
pletely inactivate them, a rather continuous gradation in heat 
stability from the low resistance of filtrates 204 and 236 to the 
high resistance of filtrates 310, 311 and 313 indicated that, for 
the particular strains of inhibi.tory principle studied, there was 
no sharp and characteristic point which marked the limit of 
heat survival. Differences in heat stability were apparentl? 
not due to characteristics of the organisms upon which the prin-
ciples had been propagated but rather to characteristics of th.} 
particular strains of principle. This was demonstrated by fil-
trates Band 236 whi.ch were both active against culture 147 and 
by filtrates A and 310 which were active against culture 97. 
For the purpose of determining the effect of pH of the medium 
on heat resistance of inhibitory principle, portions of filtrates 
A and B were diluted 1 :100 with 1.5 percent milk digest broth 
adjusted to various pH levels and buffered with phthalate or 
phosphate. Results of the trials are shown in table 18. 
There was a difference between the two filtrates in the effects 
of changes in pH on the thermal tolerance of inhibitory principle. 
The data indicate the importance of pH of the system in deter-
mining the thermal stability of various strains of inhibitory 
principle and demonstrate the necessity of using a definite pH 
iE comparable results are to be obtained in studying ·resistance 
01 the principle. 
When the pH level is comparable to that of fresh milk, the 
inhibitory principle, in at least some cases, is able to survive 
heat exposures which approximate those commonly employed 
for pasteurizati.on in market milk plants, exposures which 
readily destroy S. lactis. Results obtained when inhibitory 
principle was exposed to heat at pH of approximately 4.8 sug-
gested that the principle might be less stable than the homologous 
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TABLE 18. INACTIVATION OF INHIBITORY PRINCIPLE BY HEAT 
AT VARIOUS pH LEVELS. 
Heating conditions 
Temp. 
60 ·C. 
65 
70 
Period 
5 min. 
15 
30 
5 
15 
30 
5 
15 
~O 
Effect of heat on 
Fil t rate A at pH I Filtrate B at pH 
4.8 I 5.8 I 6.7 I 7.3 4.8 I 5.8 I 6.7 I! 7.3 
\-t- I- '--I-t---'-
=1= I I I + I Ill+l± +It 1 
1+ltl t tit ~ I Itl+l+ +It t tit 
+ = destroyed; - = not destroyed ; ± = on2 of the duplicates showed 
destruction, one showed survival. 
organism under certain conditions at that level. Filtrates A and 
Band 24-hour tomato broth cultures of the organisms upon which 
these strains of inhibitory principle had been propagated 
(S. lactis cultures 97 and 147, respectively) were added in 1 ml. 
amounts to 100 ml. quantities of 1.5 percent milk digest broth 
at about pH 4.8. The pH values for these suspensions were all 
within the range of 4.8 to 4.9. Sealed tubes containing 2 ml. 
portions of these dilutions were heated at 60·C. Table 19 gives 
the data. 
Both S. lactis cultures were destroyed by an exposure of 1 
minute, while the strains of inhibitory principle in filtrates A 
and B required 2 and 4 minutes, respectively, for complete in· 
activation. Apparently, with these combinations of principle 
and sensitive organism, butter culture would not be freed of 
the principle by the use of heat at a pH of about 4.8. 
To determine the effect of pH and temperature of holding on 
filtrates containing inbibitory principle, filtrates were diluted 
1 :100 with 1.5 percent buffered milk digest broths, sealed in 
TABLE 19. INACTIVATION OF INHIBITORY PRINCIPLE AND HOMOLOGOUS 
ORGANISM AT 60 · C. ; pH 4.8. (FILTRATES AND 24-HOUR CULTURES 
DILUTED 1 :100 IN MILK DIGEST BROTH. ) 
Effect of heat on 
Period of Inhibitory principle 
exposure 
A B 
0.5 min. I 
1 1 1.5 + 
2 I f 2.5 1 3 
t 
± 
3.5 l + 4 + 
+ = destroyed ; - = not destroyed; ± 
destruction, c..:ne showed survival. 
I 
s. lactis 
1 97 147 
1 - I -
I Ui I t 1 
one of the duplicates showed 
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tubes, and placed in regulated incubators for various periods. 
They were examined to determine the titer of the surviving 
principle, using the litmus milk method. Results of the studies 
are shown in table 20. 
In general, a comparatively low temperature and a pH above 
4.8 favored survival of the inhibitory principle. 
:B'iltrates A, B, 311 and 313, diluted 1 :100 in litmus miU\: 
and sealed in tubes in 2 ml. portions, were held for 7 days in 
an ice cream hardening room at a temperature ranging from 
_23° to _29°C. 'I'he thawed preparations were titrated at oncr. 
and the titers found to be the same as before freezing, indicating 
that freezing and holding at low temperatures had no appreciable 
effect on the activity of the four representative strains of in-
hibitory principle. 
Although exact data on the point are la.-;king, filtrates held 
at approximately 6°C. for as long as 2 years apparelltly did not 
decrease significantly in titer. The filtrates retained their 
"virulence" very satisfactorily, and stock filtrates were regular-
ly stored at that temperature with no apparent ill effects. 
EFFECT OF DESIOCATION 
In the first series of trials undertaken to determine the effeet 
of drying on the activity of inhibitory principle contained in fil-
twtes, 15 ml. quantities of filtrates 31 and 35 were dried in 
petri plates for 5 days over concentrated sulfuric acid. Filtrate 
~n had been propagated in tomato broth which was originally 
at pH 7.5 but which undoubtedly was more acid at the time of 
drying (although the pH was not determined), whereas filtrate 35 
had been propagated in litmus milk and was probably at approxi-
mately pH 4.3 at the time of drying, since the culture had been 
coagulated with lactic acid to permit filtering. The dried fil-
tr'ates were reconstituted to approximately the original volumes 
with sterile distilled water. The dry matter of filtrate 3] went 
into solution easily, but in the case of filtrate 35 small flocks re-
mained in suspension, even after thorough agitatiou. The titer 
of filtrate 31 was 10-4.5 before drying and zero after drying and 
reconstitution; the titer of filtrate 35, which originally was] 0-7 , 
was so reduced by drying that the use of a 1 ml. quantity of re-
constituted filtrate was necessary to demonstrate the prescnce 
of residual inhibitory principle. 
In the second series of trials, the pH of the filtratcs to be dried 
was more carefully controlled and the drying agent was phos-
phorous pentoxide. Two undiluted filtrates, 311 and 313, which 
had been propagated in tomato broth having a pH of approxi-
mately 6.7, and two filtrates, A and B, which had been propa-
gated in litmus milk and diluted 1 :100 with 1.5 percent milk 
digest broth at pH 6.7, were employed. Using sterile petri plates 
TABLE 20. TITERS OF FILTRATES CONTAINING INHIBITORY PRINCIPLE AFTER BEING HELD AT DIFFERENT pH LEVELS 
FOR VARIOUS PERIODS. (F'ILTRATES DILUTED 1 :100 IN 1.5 PERCENT MILK DIGEST BROTH.) 
---
Titer after holding at 
-
Original 21° C. 30° C. 37° C. 
Filtrate pH titer 
8 days 45 days 3 days 8 days 45 days 3 days 8 days 45 days 
A 4 .8 10-6 10-' 10-' 10-'·' 10-' 10-3.5 10-1.5 0 
5.8 10-'·' 10-' 10'" 10-'·' 10-'·' 10-' 10-' 10- 5 10- 5 
6.7 10- 6 10 ... ·• 10-' 10-5.' 10-' 10-
5.5 10-'·5 10- 5 10- 5 
7.3 10- 6 .5 10-' 10-'·5 10 .... 5 10-'·5 10- 4.5 10-'·5 10'" 10-5 
B 4 .8 10- 7 10- 7 10-3.5 10 .... 10-' 0 10- ' 10-' 0 
I 5 .8 
10- 7 10- 7 10- 6 .5 10-6.5 10-6 .5 10-5 10- 7 10- 6 10-' 
6.7 10-7 10-7 10-7 10- 7 10-' 10-5.5 10- 7 10- 6 .5 10-5.' 
7.3 10- 7 10-6.' 10-7 10-7 10-7 10- 6 10-7 10-' 10-'·' 
-
I'V 
m 
>I'>-
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TABLE 21. EFFECT OF DRYING OVER PHOSPHOROUS PENTOXIDE ON THE 
TITERS OF nLTRATES ADJUSTED TO pH 6.7. 
Titer of filtrate 
A B 311 313 
Undried filtrate ... . ................ 10-' 10- 1 10-9·5 10-9 ·5 
Dried and reconstituted filtrate .... 10- 5 10-5.5 10- 8.5 10- 8.5 
RS containers, 2 ml. portions of the four filtrates were dried 
for 7 days at room temperature. All visible moisture had dis-
appeared in 3 days. The dried filtrates were reconstituted with 
sterile distilled water and titrated. Table 21 gives the data. 
In all four instances a slight but definitely measurable and 
apparently significant reduction in titer resulted from the dry-
ing. There was no defmite difference between the behaviors of 
the yarious strains of principle, the results being surprisingly 
r egular. This may have been due to the uniform pH since that 
was the only common factor in the foul' cases, different media, 
different strains of organisms for propagation and testing and 
different concentrations of principle all having been used. 
Although no definite studies were made to demonstrate the effect 
of pH on the ability of a filtrate containing inhibitory principle 
to survive drying, the general data indicate that a pH of 
approximately 6.7 is relatively fayorable to survival. 
EFFECTS OF CHEMICAL AGENTS 
To determine the effects of dyes on inhibitory principle, 1 
perrent aqueous solutions of crystal violet, methylene blue and 
f'afranine were prepared and sterilized. Measured amounts of 
these solutions and of 30 percent hydrogen peroxide (all obtained 
by dilution when necessary) were added separately to 8 ml. 
quantities of filtrates which had been diluted 1 :100, either with 
litmus milk or with milk digest broth adjusted to pH 6.7. After 
thorough shaking to insure complete mixing, the tubes contain-
ing the solutions were placed at either 21° or 30°C. for 3 days; 
0.1 ml. quantities of the treated filtrates were then tested by the 
litmus milk culture method. Results of the experiments are 
ta bulated in table 22. 
Crystal violet, in all the concentrations, inactivated both 
strains of inhibitory principle in broth but not in litmus milk 
. at either 21° or 30°C. Since the lowest inactivating concentra-
tion of this substance was not determined, no temperature effect 
was demonstrated. 'With methylene blue, a concentration of 
0.2 percent was apparently necessary in broth to definitely in-
activate each of the strains at 21°C.; with a temperature of 
30°C., strain A was inactivated by all four concentrations of 
methylene blue, while strain B was inactiyated completely only 
TABLE 22. EFf"ECT Of" EXPOSURE FOR 3 DAYS TO VARIOUS DYES AND TO HYDROGEN PEROXIDE ON THE 
ACTIVITY OF INHIBITORY PRINCIPLE. 
Effect of exposure on 
Filtrate A Filtrate B 
Milk digest broth Litmus milk Milk digest broth I Litmus milk 
Substance tested Cone. 21 ' C. 30°C. 21 ' C. 30°C. 21 ' C. 30°C. I 21 ' C. 30 ° C. 
Cryst a l violet .. ...... ........ ........................ .1
1 
°jf~ o/c t iff I 
Methylen e blue .......... ·· .... ···· ... ··· ..... ·.. 1 :g~~ ~ + - ±-I---+---
~~-:--______ ___ I:M + t + 4: II 
Safranine ....... .... n··i ~rF-- - - - - - - - -1- - - -
Hydrogen peroxide ....... . ......... 1 j~ ± + + + + + 
1.25 
+ destroyed; - not destroyed; ± one of the duplicates s howed destruction, one showed survival. 
1--': 
CO 
~ 
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by a concentration of 0.11 percent, the concentration of 0.059 
percent. being on the border line of inactivation under the condi-
tions. None of the concentrations of the dye inactivated either 
strain of the principle when litmus milk was used as the test 
medium. Safranine was without effect upon either strain of the 
principle. Had the precipitate which regularly formed. with 
safranine been removed by ccntrifuging or filtering, inactiva-
tion might have been demonstrated in some cases. Hydrogen 
peroxide was rather irregular in its behavior. Sometimes the 
lower concentrations seemed to inactivate while the higher con-
centrations did not. This phenomenon probably was due to the 
inhibitory effects of the higher concentrations on the bacteria 
when the treated filtrates were added to cultures of S. lactis in 
determining the residual activity. Inactivation by a hydrogen 
peroxide concentration of 0.15 percent occurred in all cases ex-
cept that of filtrate B diluted with litmus milk. 
Further studies on the action of crystal violet, methylene blue 
and hydrogen peroxide in various concentrations were made at 
a ll'tter date, using four strains of inhibitory principle. The same 
stock solutions of these substances were employed and a 5 percent 
aqueous solution of potassium permanganate was included. In 
the trials, 1 ml. of each filtrate was diluted with 100 ml. of 2.5 
percent unbuffered milk digest broth. The final reaction in each 
ease was pH 6.8; the temperature was 21°C. Results of the tests 
are presented in table 23. 
The four strains of inhibitory principle :-:howed rliHerent re-
sistances, or combinations of resistances, to the substances tested. 
Qnantities of the treated broths equal to the quantities of treated 
diluted filtrates were added to the control litmus milk cultures 
of the organisms used for testing to determine the effects of the 
test substances alone on bacterial growth. Only in the case of 
hydrogen peroxide was any retardation demonstrated, and then 
only when the concentration of hydrogen peroxide in the broth, 
which was later diluted, was 0.17 percent. 
TABLE 23. EFFECT OF EXPOSURE FOR 3 DAYS TO VARIOUS SUB~TANCES 
ON THE ACTIVITY OF INHIBITORY PRINCIPLE. 
Effect of exposure on filtrate 
Substance tested Cone . 
A B 311 313 
Potassium permanganate 
··1 0.56 % + I' 
Crystal violet 
-- ··1 .024 + 1 + 
1 
.012 1-
.006 
+ 
Methylene blue 1 -.2 
--+- 1 + _._- . ---- -Hydrogen ~roxide 
-- -I .17 I 1 .078 1 .037 
+ = destroyed; - = not destroyed. 
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SECTION D. STUDIES ON SENSITIVE AND NON-SENST'fIVE 
CUL'fURES OF S. LACTIS 
DIS'fRiBUTION OF SENSITIVE AND NON-SENSI'l'IVE STRAINS 
Results of tests made with the litmus milk culture technique 
to determine susceptibilities toward inhibitory principle of 
strains of S. lac tis from various sources are shown in table 24. 
None of the strains from either milk or whey that had soured 
without the addition of butter culture was susceptible to the in-
hibitory action of any of the filtrates studied. The filtrates · 
listed in the table are only representative of the many tested in 
an effort to find filtrates active against organisms of this group. 
:B'rom the data, it would appear that naturally occurring strains 
of S. lactis are not susceptible to inhibition by the ultrafilterable 
principle, although strains of principle actiye toward th e organ-
isms that seem to be non-sensitive might be found if a larger 
number from a greater range of sources was used. 
The results with S. lactis strains isolated from butter cultures 
are quite different. Butter culture 146, a representative culture, 
changed from a condition in which the S. lac tis organisms isolat-
ed were largel~' sensitive types, with only a small percentage of 
non-sensitive types, to a condition in which all the cultures 
picked were non-sensitive. Following this, there was another 
chang'e aftcr which sensitive and non-sensitive types were isolated 
in almost equal numbers, Other changes undoubtedly took place 
during the intenals between observations. The sensitive organ-
isms from a single series of isolations usually varied in their 
sensitivities to the filtrates containing inhibitory principle but 
characteristically showed some group similarity, all the sensitive 
cultures in the group being sensitive to at least one strain of in-
hibitory principle. 
During a period of more than a year, butter culture 232 
changed from a condition in which all the organisms examined 
were of a single type, sensitive to a large number of strains of 
principle, to a condition in which all but one of 22 isolations 
made at the last observation were non-sensitive to all 
strains of inhibitory principle used. v"Vith this butter culture, 
the changes in sensitivity types during observation were some-
what lcss than with culture 146, and the variation among the 
cultures in the range of sensitivity also was not as great, more 
than two sensitivity types never having been encountered at one 
plating'. In the eases of butter cultures 15/ 1 and 15/ 3, there 
were apparently slightly greater differences in sensitivity among 
the organisms isolated at anyone time. 
Butter culture 122F was of special interest because for 2 years 
preceding its first plating it had been held in an ice cream 
hardening room. After thc culture was thawed, only sufficient 
TABLE 24. SUMMARY OF SUSCEPTIBILITIES OF S. LACTIS STRAINS TO INHIBITION BY FILTRATES. 
Source 
of S. lactis 
cultures 
Date of 
isolation 
Cultures i~olate~ I 
Total I No. In. va~'lOUS 
sensltIvity 
Filtrates which 
inhibited 
Filtrates which did 
not inhibit 
no. groups ,---_______ _ 
Raw whey.. 11- 5-34 I I -------W;-14;-30, 32, 35,53, 61 , 124,124 , 135, 157, 
1___ 159, 191 
::;Our raw mllk .... I 11- 5-34 1 1U 10, 14, 30, 32, 35, 53, 61, 124, 134, 135, 
:0------1 I 157, 159",,~1~9~1c..,.,.--co-~-o-:::::-~,--:-=--:-=-_ 
Sour raw... I r. ,--- 13, 21, 52, 53, 61, 134, 135, 157. 158 , 159, 
mIlk PI - ........... 10- 6-3" 191,.,---=--=-0_:c--c-:::-;---:;-;:-:,.--:c=-:-:;::--o-:::::--
Sou~ raw I 1 1 ~21, 52, 53, 61, 134 , 135, 157, 158, 159, 
mIlk P5 ........... 1 10- 6-35 5 I "91 
Sou r raw 1 I I 113:-2'1'-,-=-520"",-5=-=3'-, -'60"":"1-, -:-1-::-34-:-,-'1;";3:-:;5-, -:-1-::-570"",----:-:15:-:8'-, --:1-=5";::'9,-
milk P6 .... ·1 10- 6-35 1 6 1 I 191,-o--=--=-0_=-:c--c-:::-;---:-;;-:,.--:c:-::----:-:;::--o-:::::--
Sour raw, '---I I ~21, 52" 53, 61, 134, 135, 107, 158, 159, 
milk P7 ...... 10- 6-35 6 191 
Sou~ raw I '---I 1 ~ 21'-,-5:-:2'-, -=5:-:3-, -=6::-1-, ::-13::-4;-, -=1:-::3-=-5,---:-15:;:70"",-'1:-::5"'8-, -:-1"'"59::-,-
mIlk P8 ... ......... 10- 6-35 I: _~1~9?::1 --:;-;;-=---:-;;-;--:;-;;-:;---::-;:-::---;;c=--=-;;-=-
B. C.·" 146 ......... 1 11- 6-35 I , 1 13, 21, 52, 53, 191, 205, 206, 207, 208, 209, 
_____ 1 I 1 210 
______ 1 1---1------ 191 I 13, 21, 52, 53, 205, 206, 207, 208. 209, 210 
______ 1 1---1---2 13, 191 I 21, 52, 53, 205, 206, 207, 208, 209, 210 
______ 1 1---1-- 13, 52, 53, 191 1 21, 205, 206, 207,208.209, 210 
1 11-13-35 I 18 I I 35, 134, 157, 191, 192, 205, 206, 207, 208, 
______ 1 I 1 1 209,210 
_______ :1 __ :::3-:...::.:4-~3~6_1 13 I 7 I 35, 55, 13~4,---:-1:;:570"",-:1:-::9"'1-, -=2";::'06::-,-'2=-=0-::8-, -=37150----
______ 1 1---1---4-- 55, 134, 315 I 35, 157, 191, 206, 208 
1 1---1 55, 315 I 35, 134, 157, 191, 206, 208 
;:-::;-:-::-:-=-__ 1 I I 55, 134, 206 35, 157, 191, 208, 3:c15'--::c=-~_::_-::::-0_=_:_::--
B. C. 122F . ..I 11-13-35 1-1-5-1 134 , 191 35, 157, 192, 205, 206, 207. 208. 209, 210 
1 3- 4-36-1-9-1 315 35, 134. 157. 191, 206. 208, 315 
------1 1---1 3 55. 191, 208 35, 134, 157. 206. 315 
I 1---1---3 55. 191, 315 35, 134, 157. 206, 208 
------1 I 1 2 55, 134, 191. 315 35. 157. 206. 208 
~ 
0> 
<.0 
Source 
TABLE 24. CONTINUED. 
Filtrates which 
inhibited 
Filtrates which did 
not inhibit 
Cultures isolated I 
pate . of I I No. in various 
lsolahon Tota sensitivity 
~-;:;--;;= ___ +'---:;-;--;;--;;-;-i no. groups 
B. C. 232 _ ....... __ .... 1 11- S-34 9 I 1 10. 14. 30. 32. 35. 41. 53. 61. 134. 
of S. lactis 
cultures 
2. 21. 54. 132. 135. 159 
1 157. 191 
1 11-15-34 1 5 4 I 10. 14. 30. 35. 54. 61. 134. 135. 157. 191 1 32. 159 
1 1 1 1 10. 14. 30. 54. 61. 134. 135. 159 32. 35. 157L 191 
______ -!-1_1:..-.::.14;:.-.,::3::,5_1 3 1 2 29. 35. 53.61.134. 135. 157. 191 30. 92. 159 
1 1 1 41. 53. 61. 92. 134 29. 30. 35. 54. 135. 157. 159. 191 
\ 12- 4-35, 22 I 21 132r~4. 35. 41. 51. 134. 157. 191. 206. 209. 
------:1-----I 1 41. 134. 191. 257 13. 14. 35. 51. 157. 206. 209. 210 
B. C. 15/3 .............. 1 11-15-34 1 5 1 2 14. 32. 191 2. 10. 30 
1 1 1 10. 14.30. 35. 41. 53. 61. 157. 191 2.32. 159 
1 1 1 2 10. 32. 35. 41. 53. 61 2. 14. 30. 157. 159 ------~I----'3:-_:-:1S:-_::C35:;--1--1--1 13. 53. 61. 134. 157. 191 21. 52. 135, 15S. 159 I 12- 3-35-,--25, 21 132r~4. 35. 41. 51. 134. 157. 191. 206. 209. 
------I I' 191. 256 1325~4. 35. 41. 51. 134. 157. 206. 209. 210. 
------1 1 1 2 41. 134. 257 13. 14. 35, 51. 157. 191. 206, 209, 210, 256 
1 3- 4-36 1---1---3-- 35, 55, 134, 157, 191, 2000S:-3-1-5--
------1 1---1---2-- 315 35. 55. 134, 157, 191, 206. 20S 
II. C. A ............... \ 4- 8-35 I I 13i9~I, 52, 53, 61. 134, 135, 157. 158, 159. 
B. C. LOL ..... · .. ·····1 3- 4-36 1 14 1 35. 55, 134, 157, 191. 206 , 20S, 315 
B. C. M .... ............. 1 11-19-35' 25 , 13. 14. 35, 41, 51. 134, 157, 191, 206, 209, 
______ 1 210~~~~-:-:~~~~~~~~ 
B. C. 103 _ ........ ····1 11-13-35 \ 25 \ 35, 134. 157. 191, 192, 205, 206, 207. 20S, I i)no ?1{\ 
B . C. 19/ 1 ............. \ 11-15-34 10. 14. 35 , 41, 53. 61. 132, 134 , 135, 157, 
15S, 159, 191 
B. C. H .......... \ 11-15-34 7 2, 10. 14. 30. 32. 52, 53. 61, 134, 135. 157, 
15S, 159, 191 
t-:l 
-1 
o 
Cultures isolated I 
Source . Date of No. in various 
of S. lachs isolation Total I sensitivity 
cultures no. groups 
TABLE 24. CONTINUED. 
FIltrates which 
inhibited 
Filtrates which did 
not inhibit 
I 
'
134 2. 10. 14. 30. 32. 52. 53. 61. 135. 157 . 15S. 
____________ 159. 191~~~~------------------
~;;--c,,------I 1 10. 14. 30. 32. 53. 61. 134. 157. 191 2. 132 •. ~13~5:.c.~1~5S~.'"=1~5:.;;9_::__::_::___:_::_:__:_=:=_=_= 
B. C. S .................. 1 1-14-35 4 1 13, 61. 135. 15S. 191 21. 35. 51. 52. 53. SO. S2. 134. 157. 159 
_____________ :1 ________ ------I 1 SO. S2. 191 2i:-35~53. 61. 134. 157. 15S. 159 
1 ------'-----2 13. 41. 61. SO. 135. 15S. 191 21. 35~2. 53. 134-;-(57-:159 
B. C. 233 ............ \ 12- 7-35 12 11 13. 14. 35. 41. 51. 134. 157. 191. 206. 209. 
210~~~~~~~~ ________ __ 
:--;;-:;-:;-;:-----:I......,-=-c.,...-,cc- 13. 41. 191. 256. 257 14. 35. 51. 157. 206.209. 210 
B. C. 15/ 1 ...... .... .. 1 12-10-35 23 4 13. 14. 35. 41. 51. 134. 157. 191. 20~ 
1 210 
, 13 13. 14. 41. 134. 157. 191. 256 35. 51.206. 209. 210. 257 
------I 2 13. 41. 134 . 191. 256. 257 14. 35. 51. 157. 206;-209. 210 
(13 neg. for one cult.) 
I 4 13. 14. 134. 157, 191 35, 41. 51, 206. 209, 210 (14 neg. for one cult.) 
=-=-==-_____ 1 2- 4-36 14 35, 55, 134. 157, 191, 206, 20S, 3,;;-1-'..5-;;-:-;,.---;:-:-:;-_ 
B. C. FL .. · ....... ... 1 11-25~35 26 22 13, 14, 35. 41, 134, 157, 191. 206. 209. 210 
____________ :-1 ________ , 2 41. 134. 206 13. 14. 35. 51. 157. 191. 209. 210;-;:-______ _ 
1 2 14. ·n, 134.206.257 13. 35. 51. 157 . 191. 209. 210. 256 
B. C. 22 .... ........... 1 12- 6-35 23 7 I 13. 14. 35, 41. 51, 134. 157, 191. 206, 209. 
1 210:-::-:--~--,,-=--::-:c~c;-:---::-::=--____ _ 
1 2 13, 41, 191, 206. 256 1----u:35. 51, 134. 157, 209, 210,;-.-:2::-;57;-:-______ _ 
, 14 41. 134, 257 1 13. 14. 35. 51. 157. 191, 206. 256 
*p = patron 
·'B. C. = butter culture 
tV 
--l 
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time to permit the re-establishment of normal growth elapsed 
before the first group of organisms was isolated from it; all of 
them had the same sensitivities. Three months later four sensi-
tivity types, all differing from those of the first isolationR, were 
included in the organisms picked. 
No close relationship was evident between the record of a but-
ter culture, with respect to its tendency to become slow, and the 
types of sensitive or non-sensitive organisms obtained from it. 
Although they had been typically slow at least once under 
laboratory conditions during the 18 months they were observed, 
butter cultures A, M and 103 apparently did not contain S. lac tis 
organisms sensitive to any strain of principle available for testing 
purposes. Inhibitory filtrates had been obtained from the first 
two when they were slow. Examination of the three cultures at 
other times might have resulted in isolation of sensitive organ-
isms, and use of strains of inhibitory principle other than those 
available might have shown that some of the cultures isolated 
v'ere sensiti;e to certain types of principle. Butter cultures 
H, S, 233 and 22 had shown no tendency toward delayed acid 
production during the 18-month period of observation, but sensi-
tive strains of S. lac tis were isolated from them. Possibly they 
would have become noticeably slow. under proper circumstances, 
since they apparently possessed at least one of the necessary 
potentialities and needed only the proper supplementary condi-
tion, or conditions, to bring about characteristic loss in vitality. 
Such a condition might be that necessary to permit spontaneous 
origin of an inhibitory principle active against the strain, or 
strains, of S. Zo.ctis in the culture, or it might be the addition to 
the culture of the proper strain of principle from an outside 
source. 
Of the 364 S. lactis cultures from various samples of milk, 
whey and butter culture, the 46 from spontaneously soured raw 
milk and raw milk whey were resistant to action of the various 
strains of inhibitory principle. Of the 318 cultures obtained 
from 15 butter cultures at various times, 111 were sensitive to 
one or more strains of principle. There was frequently consider-
able variation in range of sensitivity among strains of S. lac tis 
isolated from a butter culture at one time and also among strains 
of S. lac tis obtained from one butter culture over a period of 
time. Butter cultures were encountered from which only sensi-
tive organisms were isolated and others from which only non-
sensitive types were obtained, but the majority of the cultures 
examined included non-stable mixtures of sensitive and resistant 
strains of S. lactis. 
SECONDARY GROW'.l'1-I ORGANISMS 
When cultures of S. la,ctis which had been inhibited bv addi-
tion of filtrate were held for some time, reduction and c~agula-
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tion usually occurred, the period ' required varying from 2 to 
more than 30 days. By plating coagulated cultures obtained in 
this manner on tomato agar and picking typical colonies into 
litmus milk, the resulting cultures had the cultural and mor-
phologic characteristics of the strain from which they originated. 
In a few instances colonies appeared in plaques produced by plac-
ing a drop of filtrate on a film of growth on an agar plate, and 
isolations were made from them. Results of determinations of 
the sensitivities of the secondary growth organisms are sum-
marized in table 25. 
The changes in sensitivities caused by the various filtrates are 
well illustrated by cultures derived from S. lac tis 42. Although 
this strain was inhibited by a considerable number of filtrates, 
the secondary growth culture obtained with filtrate 54 was only 
sensitive to filtrate 191. The culture obtained from S. lac tis 42 
w hen acted on by filtrate 61 was also only sensitive to filtrate 
191. Apparently, the same group of factors was present and 
active in filtrates 54 and 61, because both filtrates produced the 
same type of secondary growth organism with the same general 
8ensitivities to inhibition by filtrates. The culture obtained by 
the use of filtrate 72 was sensitive to filtrates 61, 80, 82 and 191. 
Filtrate 72 had come from filtrate 61 by propagation for one 
generation on organism 161. At least one group of factors seem-
eel to have been eliminated in filtrate 72, and the secondary 
growth organism arising from action of the filtrate therefore 
retained a group of sensitivities which probably would have been 
eliminated by the prt'scnce of the factors removed by propaga-
tion. Organism 178 was an unstable organism from the stand-
point of sensitivity to inhibitory principle. It became sensitive 
to filtrate 17, and organism 222 was isolated by plating the sec-
ondary growth from this combination of organism and filtrate. 
Organism 222 was resistant to all of the filtrates used to test it. 
Organism 261 came from secondary growth arising from a culture 
of organism 217 to which filtrate 191 had been added; it had 
lost the sensitivity to the action of filtrate 191, the only sensitivity 
which filtrate 61 had permitted it to retain from its parent strain, 
S. lac tis 42. 
The same type of progressive elimination of factors permitting 
the action of inhibitory principle was evident with other strains 
of S. lactis whosc secondary growth cultures were studied. In 
each case, sensitivities possessed by the original culture were re-
moved group by group until a non-sensitive organism was ob-
tained. If the inhibitory principle does not kill the culture, it ap-
parently causes some change in the surviving cells which permits 
them to grow in the presence of the principle that caused their 
origin. The period required, in many instances, for the appear-
No. 
42 
TABLE 25. SENSITIVITY CHARACTERISTICS OF SECONDARY GROWTH ORGANISMS OBTAINED 
FROM CULTURES OF S. LACT1S ACTED ON BY INHIBITORY PRINCIPLE. 
S. lac tis culture tested 
I 
Source 
--------
Parent Fr 
clllture I acted on culture 
Filtrates which 
inhibited 
10, 13, 17, 35, 36, 41, 51, 52, 61, 72, 
73, 80 , 82, 191 
Filtrates which 
did not inhibit 
I, 21, 53, 54, 98, 110, 125 
167 42 1 54 191 7, 10, 17, 35, 41, 49, 53, 54, 61 
178 42 1---61--- 191 ----;1;-7~, ;-;;2,-1,-;' 003--,5' -;-;-41--'-'-;c5,;-4~, ;;oc6;;-1~;-;:;;;:--:;-;; _____ _ 
217 42 1- --72--- 61, 80, 82, 191 9, 17 , 35, 41, 54, 72, 73, 78, 79 
--2'22 178--1---17--- 9, 17, 35,41, 54, 61, 72 , 73, 78, 79, 80, 82, 191 
261 217 1---191--- 17, 21,49, 51, 61, 80, 82, 94, 191 
S7 1 1, 10, 21, 53, 55, 61, 72, 75, 92, 98, 110, 16, 17, 41, 49, 54, 73, 80, 82, 118, 131, 191 
1 138 
---02-=-290-----+---;;9:;;7-1 --'-'-------------- 1, 14 , 54, 61, 72, 73, 78, 79, 80, 82, 86, 92, 94 
273 97 1 110--- 61, 72 54, 79, 110, 118, 123, 125::::, _1-:-9;;-;1 :-::-;;-;:----:-,;;-;:-__ 
299 273 1---72--- 21, 35, 41, 61, 72, 110, 126, 127, 130, 191 
365 97 1---206--- 13, 14, 36, 41, 51, 13~191_;_206_;_209---
c 97 1---215--- 55, 211 191 , 215, 218, 235, 246a, 273, 315, 368 
d 97- 1--- 211 273 55, 191, 211, 215, 218, 235, 246a, 315:'::, -=-36""'8,----
99 1 10, 16, 35, 36, 51, 52, 61, 72, 79, 80, I, 53, 54 
_---:--;;-;;----+---""-1 82, 118, 129, 138, 191 
163 99 1 54 191 10, 17, 35, 41, 49, 53, 54, 61, 79, 92, 98, 110 
251 163 1---191--- 35,53,61,124,134,157, 191 -;3:.;;1-'-'-il;:-3=-:2'o;;:--I3:;5-:.,-=1~5:;8,~1 .5:.:9:;;;;-~;--;=--,-;-;;-:;-;;-;;,--,-~_ 
277 99 1--- 80--- 13, 21, 52, 53, 54, 61, 72, 79, 110, 118, 123, 125, 
----,=-::---+---=--1 138, 160, 162, 164, 167, 191-=--=-=c,---cc=----=-c-c-_ 
286 99 I 123 13, 21, 41, 52, 53, 61, 72_;_73, 123, 138, 160, 
162, 164, 167, 191._c;:--:;-:--;;::-:c:--=:-c:-=--=-_ 
113 3. 7. 9, 14. 21,41, 53, 61, 72 1,10, 16, 17, 35, 36,49, 51, 52,54,79,80,82 
161* 113 9 61,72 I, 7, 9, 16, 21, 35,4l,4'9_;_5C52~5U9:-
183* 113 
80, 82, 98, 110 
3, 7. 9, 35, 41, 53. 54, 61, 124, 132, 134, 135, 
157, 158, 159, 191 
t>:) 
_1 
fI:o. 
S . lacti.. culture tested 
Source 
No. P a rent Filtrate that 
culture acted on culture 
185* 113 
TABLE 25. CONTINUED. 
Filtrates which 
inhibited 
3, 9, 35, 41, 54, 61, 72, 79, 80, 82, 127, , 
191 j ' 
Filtrates which 
did not inhibit 
1. 7. 21. 49. 51. 52. 98. 110 
197 161 21 61,72,73 -'1"'7;-, --;;2:71-, -;;3;:-5,-4-;-;1;-,--:6;;;2;-,~1-;;97'1---------
206 185 61--- 73, 79, 80, 82 41, 54, 61, 72, 7F 
214 185 ---54--- 73, 80, 82 --:471'--, -;-54;',-6;;-;1:-':', --;7;;;2"-, -;;7~8-, ;:-79;;----------
224 185 72 17, 80,82, 191 9, 35,41,54, 61, 72, 73,78, 79 
227 185 73--- 9, 17, 35, 41, 54, 61, 72, 73, 78, 79, 80 , 82, 
191 
231 197 61 I, 41, 54, 61, 72, 73, 78, 79 , 80, 82, 92, 94 
232 206 1---73--- 1,41,54,61,72, 73, 78, 79,80, 82, 92,94 
236 2~1-4--' ---73--- I, 41, 54, 61, 72, 73, 78, 79, 80, 82, 92, 94 
239 214 '---80--- I, 41, 54, 61, 72, 73 , 78, 79, 80, 82~9-4--
263 224, 17 14, 17, 61, 80, 82, 94, 124, 134, 157. 21. 49. '51. 132. 135. 158. 159 
, HI 
-----;2"'87'1- --,;-----:1""8"'5--' 191 --:1""178:C. ==-1"'23=------------- 21, 52. 54. 61. 72. 79. 110. 125. 134. 160. 162. 
I 164. 167. 191 
288 263, 118 82. 119, 123. 127. 128. 129. 142, 191 21. 42. 54. 61. 72. 73. 94. 110, 130 
289 281 ,---ii8--- 13. 21. 52. 53 . 54. 61. 82, 94. 126. 127. 130. 
_ _ =,--_ _ + _ =,--_i 134. J60. 162. 164.167.191 
SOl 281 128 13.21. 35. 41. 52.53.61. 72. 110. 126. 127. 130. 
305 288 128 
331 288 142 
122FE 
364 122FE 134 
151C 
3!lQ 151C 41 
29. 191 
134. 191 
13, 14. 41. 138. 168. 191 
191 
134, 160. 162. 164. 167, 191 
14. 35. 53. 54, 61. 124. 131. 132. 134. 135. 152. 
153. 154. 157. 158. 159. 191 
13 , 14. 21. 29. 52. 53. 54. 61. 131. 134. 152. 
153. 154. 160. 162. 164. 167. 191 
35. 168. 192. 205, 209. 210. 211. 212. 213 
13, 14. 36, 41. 51. 134, 168. 191. 206. 209 
3. 36. 49, 51 . 206. 20g:-ilO 
3. 13. 14. 36. H. 49. 51 . 138 . 168. 206 
t-:> 
_1 
<:,)l 
S. lacti.< culture tested 
Source 
No. Parent I l'iltrate that 
culture acted on culture 
TABLE 25. CONTINUED. 
Filtrates which 
inhibited 
Filtrates which 
did not inhibit 
382 -15IC- I 138 191 ~. 13 . 14 . 36. 41. 49. 51. 138. 168. 206 
384 --151C-I---168 191 3. 13. 14. 36 . 41. 49. 51. 138. 168. 206 
388 151C I 191 3. 13. 14. 36. 41. 49. 51. 138. 168. 191. 206 
176 I 13.21. 52.53.54.55.91. 138 . 140.191 3. 7. 16. 21. 49.62.90.92. 131 
201 176 I 55 17 . 21. 35. 41.61.72. 73. 191 
323 176--1---140--- 13. 14. 21. 29. 52. 53. 54. 61. 131. 138. 152. 
__ ~ ___ ~_~ __ I _~1~53~.~1~5~4~. ~1~9~1~~~~~~~~~~~ __ 
325 176 I 145 13. 14 . 21, 29. 52, 53, 54. 61, 131, 138, 152, 
153, 154, 191 
2S3F I 13, H, 54, 138, 191, 315 14, 35, 51, 168, 206, 209,,_ ~2,,-10"c--~~ ___ _ 
386 233F I 191 41, 191 3, 13. H. 36, 49, 5C138, 168, 206'--___ _ 
a 233F-I---315 55, 191, 211, 215, 218, 235~246~273, 315, 368 
b --233F-1 54 55, 19c-211, 215. 218. 235. 246a. 273. 315. 368 
*Secondal'Y growt.h in the cleared areas obtained by the r..gar plate plaque method. 
L;!) 
_1 
cr;, 
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ance of secondary growth indicates that the process of elimina-
tion of sensitivity factors may involve deep-seated changes in the 
organism. Apparently, an organism occasionally is destabilized 
as a result of the changes which it undergoes and reverts to the 
sensitivity type of its parent culture, as seemed to happen with 
culture 197 in the group derived from S. lactis 113. It also may 
acquire sensitivities which preceding generations of secondary 
growth organisms, or even the original culture, did not have, as 
was the case with cultures 206, 214 and 224 of the group de-
rived from S. lac tis 113. At the time of isolation, these cultures 
may have been resistant to the filtrates which caused their ap-
pearance and then have changed to more sensitive forms before 
they were studied, since they were usually carried through two 
transfers in litmus milk to increase their vigor before testing. 
Presumably, the character of the filtrate used is important in 
determining which sensitivity factors are eliminated. This being 
the case, filtrates that cause the same type of secondary growth 
from a single strain of sensitive S . lactis must have one or more 
inhibitory factors in common. Filtrates 41, 138 and 168, which 
produced the same type of secondary growth organisms from 
culture 151C, apparently all possessed a common factor. This 
does not mean, however, that the other inhibitory factors in the 
f iltrates were the same. If applied to a sufficient number of 
trials with a variety of S. lactis cultures, the types of secondary 
growth organisms produced by a series of filtrates might permit 
the classification of the filtrates on the basis of the strains of 
inhibitory principle contained. 
Spontaneous changes in the sensitivities of certain cultures 
ot: S . lac tis to inhibition by some filtratcs apparently occurred 
during the course of the studics. Representative data are present-
ed in table 26; the filtrate sensitivities which changed are in bold-
face type in each casco 
S. lac tis 97 was the only culture obtained directly from a 
butter culture which changed its sensitivity characteristics, the 
other cultures involved having been isolated from secondary 
growth following· the action of inhibitory principle on a sensitive 
organism. Cultures of S. lactis are apparently able to lose or 
acquire sensitivities to the action of inhibitory principle without 
intervention of any outside agency at the time of change. As 
suggested previously, the inhibitory principle may have a de-
stabilizing effect on the cell when the changes involved in thc 
loss of sensitivity rharacteristics are effected. The destabilized 
cell may then undergo either a gain or a loss of sensitivity to 
various filtrates, the direction of the change being conditioned 
by factors at present unknown. This hypothesis seems much 
more plausible than an explanation involving changes in the in-
hibitory factors present in the filtrates, since the abilities of the 
) . lactis 
c ulture 
no. 
97 
180 
185 
19'; 
2:!4 
:'::2~ 
261 
261 
386 
TABLE 26. SENSITIVITIES OF S. LACTlS CULTURES GROWN 'N LITMUS MILK FOR A 
CONSIDERADLE NUMBER OF TRANSFERS. 
Date of 
tests 
1 -9-35 
1-25-35 
1-30-35 
2-1 3-35 
5- 3-35 
10-1-35 
3- 5-36 
3- 3-35 
4-24-35 
10-7-35 
10-28-35 
3- 3-35 
3-11-35 
10-1-35 
3- 5-36 
3-11- ~~5 
10-28-35 
3-28-35 
10-1-35 
3-27-35 
4-24-35 
10-29-35 
4-10-35 
10-7-35 
4-17-35 
5- 3-35 
10-28-35 
12-16-35 
1- 7-36 
3- 5-36 
Filtratf'!s 
which inhibited 
10. 14. 30 
3. 7. 9. 41. 53 , 54, 61 
134, 135, 138 
14, 61, 134. 135, 159 
3, 41, 54, 55, 61, 98. 159 
3, 21 35, 41. 54, 61. 191 
72, 191 
53. 61. 124, 134, 191 
3. 9, 35, 41, 54, 61, 191 
~U. ~. 2 
14, ~5, 53, 61, 124. 1~:4, 157, 191 
41, 48. 54, 55, 61, 191 
61. 72. 73 
17, 80. 82 , 191 
14. 35, 53. 61. 124, 157, 191 
41 . 61. 72, 110 
61. 13:' 
35. 53, 61. 124, 134, 191 
118 , 123 
13, 53 , 61. 134. 162, 191 
41, 191 
3. 13. 41, 49. 191, 138 
3. 41 , 48, 49. 52. 53. 54. 55, 61 
16. 17. 32. 191 
·18. 49. 5 1. 52 
29, 35, 36, 41 
F il tr3.tes which 
did not inh ibit 
131 , 132, [:l3, 136, 137 
35, 53, 124, 132. 157, 191 
21, 48, 49, 52, 53 
17, 62 
41, 61, 73 
3 1, 35, 132, 135, 157, 158, 159 
13, 21, 52, 53, 61 , 134, 160, 162, 164 , 167, 191 
7. 62 
21, 49 
132, 135, 158 , 159 
3. 21 , 49. 52, 53. 159 
17, 21, 35, 41, 62, 191 
13, 21, 52, 53 , 61. 134, 191 
35 . 41, 54, 61. 72, 73, 78, 79 
132. 135, 158, 159 
41. 54. 61. 72 . 73 
73, 191 
13. 21, 52, 53, 191 
17 . 21, 49, 51 , 61. 80, 82, 191 
3 1, 132. 135, 158, 159 
54 , 61, 72, llO, 191 
131, 132, 133, 134. 135, 136, 137 , 138 
21. 52, 160, 164 
3, 13. [.1, 36, 49. 51, 138. 168 206 
14, 36, 51, 168, 206 
21, 98 , 159 
~ 
-l 
00 
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filtrates to inhibit the majority of the cultures against which 
they are active remain unchanged. 
1 LOr:PHOLOGIC AK D CU LT URAL CI-L\RACT EIU STIC3 OF S. lactis 
CULTUR"S STUDIED 
So far as was determined, all strains of S. lactis employed in 
the studies were typical representatives of the species. Both 
f>ensitive and non-sensitive cultures caused characteristic reduc-
tion and acid coagulation in litmus milk. The period required 
for coagulation yaried, but both sensitive and non-sensitive or-
ganisms were included among the more rapid and also among the 
slower acid producers. Occasionally, some of the smsitive cuI· 
tures, among them organisms 22C, 99, 146C, 147, 151e, 153A, 
161, 163, 269, 295 and 327, remained unchanged for approxi-
mately 24 hours after transfer from a normally coagulated cul-
ture into fresh litmus milk but then coagulated within 48 hour" 
of the time of inoculation and produced a normal coagulum. 
This condition sometimes persisted for several transfers, but 
usually the culture returned to normal nfter one 01' two tra11';-
fers. Inhibitory principle could not be demonstrated in the cul-
tures, and no changes in sensitivity were detected. The form of 
growth of the S. lac tis cultures in tomato broth at pH fl.8 varied 
considerably. A number of sensitive cultures did not show 
visible growth in 24 hours but caused the broth to become very 
cloudy and produced a moderate sediment during 48 hours at 
21°C. -With the exception of the slow development of some of 
the sel1'3itive cultures, no correlation between the character of 
growth in tomato broth and the sensitivity type of the S. lactis 
strains was noted. Both resistant and non-resistant organisms 
gave uniformly clouded cultures and also clear cultures contain-
ing considerable sediment, indicating no differentiation het 'Yeen 
sensitive and non-sensitive types on the basis of "smooth" and 
"rough" growth characteristics in broth. 
Microscopic examination of smears made fl'om litmus milk 
cultures of the S. lactis strains and stained with gram stain 
showed slight differences. Variations in size and shape of the 
cells and in arrangement of the cells with respect to each oth('r 
\\-ere encountered, but the differences were not correlated with 
the sensitivity types. Colonies showed only negligible variations 
in size. 'With a magnification of approximately 100 diameters, 
slight differences in appearance were noted. Colonies which 
were entire, smooth and uniformly slightly granular and which 
transmitted light moderately well were designated type I, while 
colonies which were entire, very slightly pitted on the surface 
and uniformly moderately granular and which appeared dark 
by transmitted light were called type II. Some cultures pro · 
duced colonies intermediate in character. Of the 26 sensitive 
280 
organisms examined, 16 produced colonies of type I and 10 
colonies of type II, and of the 22 non-sensitive cultures examined, 
18 formed type I colonies and 4 type II colonies. Although very 
few cultures of the resistant organisms produced type II colonies, 
no division into sensitive and non-sensitive cultures could be ac-
complished on the basis of colony types. 
The abilities of 50 representative cultures of sensitive and non-
sensitive strains of S. lac tis to ferment arabinose, dulcitol, 
fructose, galactose, glucose, glycerol, inositol, inulin, lactose, 
maltose, mannitol, raffinose, rhamnose, salicin, sorbitol, starch 
and sucrose were determined by the use of 1 percent solutions 
of the materials in 1 percent Bacto tryptophane broth to which 
bromcresol purple had been added as an indicator. Observations 
were made after 1, 3, 9 and 30 days incubation at room tempera-
ture. None of the organisms produced acid from dulcitol, 
glycerol, inositol, inulin, raffinose, rhamnose or sucrose and all of 
them fermented fructose, galactose, glucose and lactose, although 
3 days were frequently required for fructose broth to become 
acid. The abilities to ferment arabinose, maltose, mannitol, 
salicin and starch varied, and the fermentation of these sub-
stances usually required more than 3 days. The results obtained 
with these five test substances are shown in table 27. 
Among the 50 cultures used, three non-sensitive organisms 
were the only ones that fermented mannitol. Although four 
groups that were separated on the basis of fermentation tests 
contained only non-sensitive organisms and one group contained 
only sensitive organisms, the members of these groups constituted 
such a small portion of the total number of organisms that their 
significance is very doubtful. The major portion of the organ-
isms was included in five fermentation groups made up of both 
TABLE 27. FERMENTATION OF CARBOHYDRATES BY SENSITIVE AND 
NON-SENSITIVE STRAINS OF S. LAC TIS. 
Type of I No. of 1 organism cultures 
Sensitive 2 
Non-sensitive ..... -.- 4 
Sensitive 6 
Non-sensitive 1 
Sensitive 7 
Non-sensitive 2 
Sensitive 3 
Non-sensitive 2 
Sensitive 4 
Non-sen sitive ..... 5 
Sensitive 5 
Non-sensitive . __ ...... 2 
Non-sensitive ............ 1 
Non-sen sitive ........... 3 
Non-sensitive . __ .... . 3 
+ = acid formation. 
- = no acid formation. 
Acid production from 
arabinose maltose f mannitol I salicin starch 
I I I i I ---I =1= - -+ I =1= t -
I + 
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TABLE 28. CRITICISMS OF BUTTER CULTURES MADE BY MIXING NON-SEN-
SITIVE STRAINS OF S. LACTIS WITH STRAINS OF CITRIC ACID-
FERMENTING STREPTOCOCCI. 
S. lactis 
culture 
no. 
22A 
27 
57 
103A 
151K 
183 
216 
233>\ 
Z33H 
an 
335 
MV 
A 
good 
-
-
fair 
good 
-
-
poor 
-
-
fair 
fair 
Citric acid-fermenting strain 
B C D 
Criticisms of cultures 
poor poor poor 
poor 
- -
poor - poor 
fair fair fail' 
peor poor poor 
poor 
-
poor 
poor 
-
poor 
poor poor poor 
poor - poor 
poor - poor 
fair poor poor 
fair poor poor 
- = coagulated so slowly no examination was made. 
E F 
good good 
- -
-
-
good good 
good good 
poor fair 
- -
fair good 
-
-
-
-
fail' good 
fair good 
sensitive and non-sensitive organisms. Fermentation tests of-
fered no basis for separation of the organisms into sensitive and 
non-sensitive types. 
USE OF NON-SENSITIVE STRAINS OF S. lactis IN DEVELOPMENT 
OF BUTTER CULTURES 
Cultures of S. lac tis resistant to all filtrates against whirh they 
had been tested were examined to be sure that they were free of 
eonspicuous characteristics which would be detrimental to butter 
cultures made with them. From the group thus selected, 13 
organisms were chosen to combine with six cultures of citric 
acid-fermenting streptococci. Litmus milk cultures of the citric 
acid-fermenting organisms were inoculated into 8 mi. quantities 
of litmus milk and incubated for approximately 12 hours at room 
temperature. A litmus milk culture of one of the S. lac tis strains 
was then inoculated into each tube and the mixed cultures kept 
at 21°C. until coagulation occurred. The cultures were trans-
ferred daily in 8 mi. quantities of litmus milk in test tubes. 
After several weeks they were transferred to whole milk pas-
teurized in bottles by holding above 90°C. for 30 minutes. Fol-
lowing the second transfer in pasteurized milk, they were graded 
by an experienced judge. The results are shown in table 28. 
The dashes indicate cultures which coagulated so slowly that they 
,,:ere of no value and were not examined. 
The defects of butter cultures made with organisms 27, 57, 183, 
216, 233H and 323 were due to slowness of growth which char-
acterized these strains of S. lactis. A sufficiently large number 
of satisfactory butter cultures was obtained from the non-sensi-
tive strains of S. lac tis to demonstrate that · such strains can be 
used for making satisfactory cultures. Several of the most de-
sirable combinations were transferred regularly for 3 months and 
continued to be very acceptable butter cultures . 
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DISCUSSION OF RESULTS 
The studies made using milk from various sources, in both 
raw and pasteurized conrution, for propagation of S. lactis cul-
1ures and butter culturcs indicated that the source of the milk 
was not important as a cause of the sudden or explosive type of 
~low acid production under the usual circumstances. Extraneous 
bacteria, cither those naturally present in the milk or those gain-
ing entrance through contamination from plant equipment, ap-
peared unimportant as the cause of retarded acid development. 
Since neither the original milk nor the foreign organisms present 
caused as much difference in acid development as occurred be-
tween different cultures grown in the same lots of milk slow 
acid production was apparently the result of some condition 
peculiar to the culture. 
The marked retardation of acid production often resulting 
when a slow butter culture was added to a normal butter culture 
at the time of inoculation furnished further evidence that re-
duced acid production was primarily the result of the condition 
of the culture. By plate counts, the slow acid production was 
shown to be the result of comparatively slow growth of the cul-
ture organisms and not to contamination with bacteria or to dis-
ruption of the relationship between the normal butter culture 
species. 'When bacteria-free filtrates from butter cultures were 
added to freshly inoculated S. lac tis cultures or butter cultures, 
a majority of the filtrates from slow butter cultures and a small-
er percentage of those from apparently normal cultures markedly 
restrained acid production and increase in the number of organ-
isms, so the general action of a bacteria-free filtrate was the 
same as that of a slow butter culture. 
In the studies using pure cultures of S. lac tis isolated from 
butter cultures and other sources as test organisms, bacteria-
free filtrates from slow and normal butter cultures varied widely 
in their abilities to inhibit different strains of S. lactis. Almost 
every filtrate from a slow butter culture prevented normal acid 
development of at least one strain of S. lactis, and most of the 
filtrates were active against a considerable number of strains. 
Approximately half the filtrates from normal cultures contained 
inhibitory principle, but in most cases they were active toward 
only one or two closely related organisms. It appears that at 
least part of the difference between a slow and a normal butter 
culture is that the slow culture contains enough strains of princi-
ple to inhibit a substantial fraction of the different sensitivity 
types of S. lac tis present, while the normal culture either con-
tains no inhibitory principle or only one or two strains of limited 
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activity which are unable to retard the growth of a sufficient 
percentage of the culture organisms to prevent normal acid pro-
duction. Once the strain, or strains, of principle becomes domin-
ant, growth of the sensitive organisms is retarded, and organ-
isms not sensitive to the strains of principle present become very 
numerous in the culture. The principle then is unable to multi-
ply for lack of sensitive organisms and is diluted out, the cul-
ture becoming the usual normal culture containing either no 
principle or principle of only slight range of activity. Such a 
general sequence of events also partially explains the changes in 
types of inhibitory principle and of sensitive organisms which 
are observed in various transfers of a butter culture. 
Instability of the sensitivities of certain strains of 8. lrlclis 
growing in pure culture may explain some of the changes toward 
greater sensitivity which sometimes occurred among the organ-
isms in a butter culture. No clue as to the reason for the ob-
served changes was obtained. Adaptation of a strain of prin-
('iple to activity against a culture not previously inhibited was 
observed but once and then under conditions which were not as 
carefully controlled as is desirable for proof of the adaptation. 
Appearance of new strains of principle through adaptation is not 
a plausible explanation for the differences in inhibitory abilities 
encountered when filtrates obtained from a butter culture at dif-
ferent times were examined. Since origin of the principle from 
pure cultures of sensitive organisms was not detected, the source 
of the new inhibition characteristics was not revealed. 
The characteristics of the inhibitory principle active against 
S. lactis are those commonly reported for bacteriophages (7, 9, 
J 3, 25 ). The principle was capable of passing an ultrafilter of 
the type ordinarily used for obtaining bacteriophage prepara-
tions. Propagation on cultures of sensitive organisms was pos-
sible under a variety of conditions. Plaque formation in smears 
of sensitive organisms on surfaces of agar plates was demon-
strable with nearly all the active filtrates tested. Lysis of sensi-
tive organisms was accomplished under a variety of conditions 
by addition of filtrates containing the active principle to suspen-
sions of the organisms in various broths. Secondary growth or-
ganisms obtained from cultures inhibited but not killed were 
resistant to the strain of principle which caused their appear-
ance. The principle was unaffected by freezing and, at the 
proper pH, only slightly affected by drying. At approximate-
ly neutral reactions, some strains of principle were resistant to 
70°0. for 10 minutes but not for 15 minutes; other strains were 
inactivated by less heat treatment. The principle was more re-
sistant to heat than its homologous organism. It was inactivated 
by crystal violet, methylene blue, hydrogen peroxide and potas-
sium permanganate. These are all characteristics which have 
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been reported for at least one type of bacteriophage. The dif-
ferences between the inhibitory factor investigated in the experi-
ments reported and known bacteriophages are quantitative and 
not qualitative. The inhibitory principle studied seemed to be 
most active at neutral or slightly acid reactions, and most 
bacteriophages are favored by slightly alkaline reactions. The 
virulence of the principle was apparently somewhat less than 
that of bacteriophages active against certain species but was equal 
to that of bacteriophages active against some pathogenic strep-
tococci. Titers developed in filtrates containing the principle 
were equal to those reported for all but the most active bacteri-
ophages. 
While the data show that an important cause of slow butter 
cultures is a bacteriophage, or group of bacteriophages, active 
against certain strains of S. lactis, no definite means of control-
ling or preventing outbreaks of retarded acid development is in-
dicated. Methods which destroyed the bacteriophage were suf-
ficiently rigorous to kill the organisms with which it was associ-
ated. Although none of the non-sensitive cultures was studied 
for a sufficient period. or tested with enough filtrates, to dem-
onstrate its complete immunity to all strains of bacteriophage, 
observations made in many laboratories and commercial plants 
show that some butter cultures have more of a tendency to "go 
slow" than others and indicate that selection of proper strains 
of S. lac tis might provide a method of arriving at comparative 
freedom from outbreaks or slow acid production. However, cul-
tures which are rather susceptible to delayed acid production are 
generally those which give the most desirable flavors, especially 
in the case of butter, and it is frequently necessary to select cul-
tures that produce the most acceptable flavor in the product 
being manufactured. Additional studies may indicate a combin-
ation of conditions which permits destruction of all strains of 
bacteriophage and at the same time leaYes the butter culture 
organisms unharmed. 
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